SOrK  FACTORS  WHICH   IHFLUSHCK  TK      PROf-IH 

COWT-JHT 

OF  KOHTAHA  WHEAT 

by 

CLYDE   WCKEK 

B.   S.,  Kansas  State  College 

of  Agriculture  and  Applied  Sciences,    i 

Ml 

A  THBSIS 

submitted  In  partial  fulfillment  of 

the 

requirements   for  the   degree  of 

KASTKF.   CF  SCISHCE 

KAHSAS   STATE  COLLEGE 

OF   AGRICULTURE    AITO  APPLIED  SCIKICES 

1931 

t#NSAS  STATE 

COLLEGE.  UlfflRARIES 

LD 

m 

mi 


table  of  contents 


Introduction  

• 3 

HeTiew  of  literature  

G0neT^  5iBt2rloal  •iketch  0f  InvoBtipatlona  Joallnp 

ss  S'JSr.^.rr!!!!:- * rhe  "otein  ^- 

Aaairnilation     nd      laboration  Of  HitroRen'i>y*The 

f— !5f.      f.  !      nocosaiTe   3taGee  of  Growth 14 

InveatlaUona   Jealinf    ,ith  The  Caufea   of  Vari- 
ation In  The  Protein  Jontent   Of  „heat 24 

Kxperiraental   

56 

oee  Of  The   .  tudy ,. 

Method   Of  Procedure .  \\\  YYYYYYYYYYYYYYY.  \        5* 

Heaulta  And  iilecuaaion 

••••••••■ •••   00 

Influence  Of  Environment  Or  Locality  On  The  Protein 

moment  ••••••♦•»......,  KO 

Influence  Of  The  .ieaeon  Or,  ?he'i<rotoin'c:ontont 77 

Influence  Of    lethod   Of  nu,,  Or  Jecd-aed  ^.1  " 

paration  On  The  Protein  Content! 104 

Influence  Of  Green   Manures  On  The  Protein  Content*' 

Of  .  pring   .iheat   ,,n 

Influence   Of  Jtallow  va  Uiaked    ,:0rn  Krouna"on*The"* 

Protein  oontent   Of  Jprinp    „heat iPa 

Influence  Of  The  Cl«88  Of  «heat   On  The  Protein 

content    ............... 

Influence  Of  Variety  On  The  Protein"contcnt*6f 

opring   .(heat .,. 

3UBmary 133 

Acknowledgmenta   

Literature   Jited   ,,, 

• •      144 


IHTROIUOflOI 

Importance  of  Protein  In  i/heat 

/or  many  years,  the  protein  content  of  the  grain  of  the 
common  bread  wheats  has  been  recognized  aa  a  reasonably  re- 
liable Index  to  the  value  or  quality  of  those  wheats  for 
the  manufacture  of  flour.  The  past  decade  has  witnessed 
some  rather  striking  changes  in  the  irodnetion  of  bread  In 
the  United  3tates  with  the  result  that  the  protein  teat  has 
Increased  In  Importance  as  a  means  of  evaluating  wheat  for 
baking  purposes.  Where  once  the  housewife  did  most  of  the 
baking  for  her  family,  it  is  estimated  (76)*  that  the  com- 
mercial bakeries  now  produce  40  per  cent  of  the  bread  con- 
sumed in  American  homes,   flth  thle  large  transfer  of  bread- 
making  from  the  home  to  the  bakeahbp,  new  problems  have  de- 
veloped. Competition  forces  the  commercial  bakeries  to 
epeed  up  their  production  methods  in  order  to  reduce  costs 
per  unit  to  a  minimum.  Large  mechanical  mixers  are  used, 
handling  several  hundred  pounds  of  dough  at  one  time.  Me- 
chanical mixing  at  high  speeds  requires  a  strong  flour  made 
**•»  <*e*t  thut  oontalns  a  high  percentage  of  protein 


Reference  is  made  by  number  in  parenthesis  to  "lit- 
erature Cited"  page  144. 


of  good  nality.  Furthermore,  a  strong  floor  made  from  high 
quality  protein  wheat  has  a  larger  capacity  to  absorb  water, 
with  the  result  that  'lore  loaves  of  bread  ore  obtained  from 
every  one  hundred  ounds  of  flour.   In  addition,  a  better 
quality  of  bread  is  nroduced. 

Aside  from  its  i  -oortonce  in  the  making  of  bread,  there 
are  other  reasons  for  the  emphasis  which  the  protein  content 
of  wheat  is  receiving.  The  percentage  of  protein  in  any  lot 
of  wheat  may  be  determined  quickly  and  accurately,  hence  it 
probably  is  the  best  slnfle  index  to  use  in  estimating  the 
value  or  Miolity  of  wheat  as  it  arrives  at  the  terminal 
markets. 

Analyses  have  shown  the  extreme  variability  of  the 
protein  content  of  .heat.  Wheats  from  different  -)arts  of 
the  United  States,  from  different  counties  v.ithln  any  one 
State,  from  different  farms  within  any  one  county,  from 
different  fields  on  the  same  farm,  and  from  different  parts 
of  the  same  field,  have  shown  marked  differences  in  roteln 
content.   Also  there  are  variations  due  to  varietal  and 
seasonal  differences,  not  to  mention  many  other  causes. 

As  the  years  advance,  nheat  growers  may  find  it  more 
difficult  to  produce  high  quality  protein  wheat,  since  there 
is  evidence  (18)  of  the  fact  that  soil  conditions  are  chang- 
ing so  as  to  make  the  production  of  such  wheat  less  common. 


\m 


The  reasons  for  the  prominence  now  accorded  oroteln  In  wheat, 
serve  also  to  emphasize  the  Importance  of  atncUee  designed 
to  proTlde,  If  poeslble  a  better  understanding  of  the  fact- 
ors which  control  the  manufacture  of  protein  In  the  wheat 
plant  and  its  st->r&ge  In  the  (  rain. 

Montana  Interested  In  High  nnlity  Protein  ><heat 

Montana  ie  an  important  wheat  State,  ranking  seeond  in 
•he  production  of  hard  red  spring  wheat  with  en  average 
annual  crop  (1925  to  1929  inclusive)  in  excess  of  46  million 
bushels,  and  In  addition,  harvesting  each  year,  approximate- 
ly 9  million  buohels  of  hard  red  winter  wheat.   ><heet  is 
grown  In  this  3tate  under  conditions  which  result  in  grain 
of  high  (luallty.  The  records  o?   the  Sureau  of  Agricultural 
Economics,  United  States  Department  of  Agriculture,  show 
that  during  the  eight-year  period  (1920  to  1927  Inclusive) 
nearly  70  per  cont  of  the  hard  red  spring  wheat  from  Mon- 
tana graded  No.  1  at  the  terminal  markets,  evidence  of 
superior  quality  as  -measured  by  test  weight,  drynesa,  puri- 
ty and  freedom  from  Inseparable  foreign  material.  Addition- 
al evidence  of  the  high  quality  of  Montana's  hard  red  spring 
wheat  is  presented  in  TaMe  I  and  M|  ure  I  which  show  that 
during  the  seven-year  >erlod  (1923  to  1929  inclusive)  82.5 
per  cent  of  the  car-load  shipments  received  at  Minneapolis 
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£ercentape  of  Carlot  Jhipmente  of  Montana  Grown  Hard 

n^«3p*1f!?  Jhea\Te8ti"fi  12.00  Vw  Cent  J?rotein  or 
Over  at  Minneapolie,  1923  to  1929  Inclusive  and 
Average 
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during  the  heavy  marketing  r,  nths  12.00  p-.r  cent  protein  or 
above. 

><hlle  the  3tate  has  certain  natural  advantages  In  the 
production  of  /heat.  Including  soil  and  climatic  conditions 
which  favor  hlph  quality,  and  chenp  lands  adapted  to  the  nee 
of  low-coat  methods  of  production,  iimtana'a  wheat  probers 
are  seriously  handlcanoed  with  an  expensive  haul  to  nlace 
their  crop  on  the  terminal  -narketa.  Kaatern  Montana  polnte, 
shlpnlng  about  650  miles  to  Minneapolis  are  subject  to  a 
freight  charge  of  approximately  18  cents  ->er  bushel,  while 
shippers  in  central  Montana  with  a  haul  of  950  to  1050  miles. 
pay  from  24  to  26  cents  oer  buchel  for  freight. 

ince  wheat  of  high  quality,  nartleularly  thet  v/lth  a 
high  nrotcln  content,  often  sells  at  a  Dremium  at  the  term- 
inals, the  wheat  producers  of  Montana  are  much  Interested  in 
practical  metho  s  of  production  which  will  return  high  yields 
of  grain  cor.tairinf  the  maximum  amount  of  protein  in  order 
that  they  nay  obtain  the  full  advantage  of  the  extra  price, 
if  any,  when  it  la  aid.   In  this  connection,  it  may  be  of 
Interest  to  review  the  dat*  in  Table  II  showing  the  average 
premiums  oald  par   bushel  for  protein  over  the  orice  oaid  lor 
Ho.  1  !.'o:-t  crn  .nrinp  (cash  clo  e)  by  months  at  Jlnneepolis 
from  1926  to  1930  inclusive  (137).   ,/ith  the  Increasing  de- 
mand for  the  class  of  wheat  from  which  high  grade  flours  are 
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produced  and  because  of  the  keen  competition  among  the  buy- 
ers for  large  milling  companies  v/hich  mast  hove  wheat  of  the 
proier  quality  to  meet  the  specific  demands  of  their  retail 
trade,  there  is  justification  for  believing  that  the  price 
paid  for  hoat  at  the  terminal  markets  in  the  future  will 
be  influenced  in  part  at  least,  by  its  value  for  the  making 
of  flour.  At  the  same  time,  wheat  growers  must  not  lose 
sight  of  the  fact  that  the  size  of  the  nremlum  that  is  paid 
for  extra  oroteln  will  be  coverned  very  largely  by  the 
volume  of  high  nrotoin  wheat  that  is  availfible  In  any  par- 
ticular year.  For  example,  in  1928,  r.hen  there  was  a 
scarcity  of  high  protein  uheat  in  the  hard  red  wheat  produc- 
ing sections  of  the  United  States,  the  premiums  -ere  un- 
usually high.  On  the  other  hand,  in  1929,  when  much  of  the 
hard  red  V7heat  of  this  country  averaged  high  in  protein  eon- 
tent,  the  demand  for  this  class  of  wheat  was  materially  re- 
duced, resulting  in  much  smaller  oromiums.  In  fact,  in  high 
protein  years,  it  la  not  unusual  for  mill  buyers  to  pay  a 
remlum  for  7/hcat  containing  a  low  Percentage  of  protein, 
to  be  used  in  mixing  ith  stocks  of  wheat  which  show  an 
extra  high  crotein  content. 

3KTIES-  01?  LITERATURE 

In  order  to  give  a  clearer  understanding  of  the 


11 

problem  treated   I,   this  paper,   the   renew  of  literature  has 
H«  divided   into   three  seetione.   nmnely.    (a)   General  hle- 
torical  aietch  of  the  lnvestifatl   ns  dealing    v7lth  variation, 
in  the   protein  content  of  wheat;    (b)   assimilation  and 
elaboration  of  nitrogen  by  the  plait  at  oucceoelv.  ,tafe.  of 
growth;   and   (c)   •  aummary  of  the  Inveatlgatlons  dealing  It. 
individual  causes  of  variation  in  the  protein  eontent  of 
wheat. 

The  writer  had  acceae  to  the  Reference  Library  of  the 
United  State,  department    of  Agriculture  in  preparing   thla  ' 
review  of  llteratare  and   through  thla   library  certain  re- 
ferences were  obtained   from  the  Library  of  Congreaa.     Be- 
came of  the  large  number  of   publications  which  deal  with 
the   protein  content  of  wheat,  no  effort  h.a  been  made   to 
cite  a  complete  liet   of  the  references   revise  on  each   in- 
dividual phaee  of  this  paper  but  rather  the  writer  has 
chosen  to  refer   oniy  to  the  *orJc  of  invect  latere  who  have 
■ad.  Important   contribution  to  the  knowledg.  of  the   par- 
ticular subject   under  consideration.     Onder  the  heading 
"Literature  Cited-  la  piven  a  comol.te  list  of  references 
cited  by  nwaher  in  the  manuscript. 


General  Historical   Sketch  Of  Inveatlfatlona  Dealing 
;ith  The  Causes   of  Variation  In  the   Protein 
Content   of  ./heat 

The  causes  of  the  extreme  Tart  at  ion  in  the   protein  con- 
tent  of  wheat  have  been  the  subjeet  of  extensive  investi- 
gation for  yeara.     Considering    the  wide  range   of  conditions 
under  which  the  research  work  on  this  problem  haa  boon  con- 
ducted,  it  is  not   surprising   to   find   some  divergence  of 
opinion  as   to  the  factors  which  are  Important   In  Influenc- 
ing  the   protein  content  of  '.vhoat. 

In  1884,   Lawea  and   Gilbert   (55)   called  attention  to  the 
fact  that   "the  better    natured  grains  contain  the  lower  per- 
centages of  >ltrogen  and   total  mineral  matter  and  a  "ilfher 
percentage  of  starch"  and  that  there  was  "a  much  greater 
range  of  variation"   in  the  percentages  of  the  yarious  con- 
stituents in  the  plant,    "due  to  variations  of  season,   than 
to  variations   of  manure".     Later,   they  (56)   mention  that 
nitrogen  in  the  wheat  crop   "declines  to  a  marked  degree"v.hen 
grown  on  the  same  land   continuously. 

In  1900.   :.!elikov  (68)   after  tasking   analyses  of  crops 
from  1885  to  1899,    found  the  whout  of  southern   ?uaela  "rich 
In  nitrogenous  substances,   the   proportion  of  the  latter 
varying  with   the  weather  from  14.00  to  21.20  per  cent". 

In  1901,    .rlley   (129)    in  summarising   the  results  of  some 
of  his  work  stated  that   the  wide  variations  in  protein 


content  were  not  due  to  s;ll,  fertllls  re,  or  cultural 
methods,  but  uere  Influenced  almost  enti  ely  by  the 
"meteorological  conditions".   Zavlts  (133)  of  Canada 
■•ntlons  that  wheat  la  rery  susceptible  to  changes  accord- 
ing to  Its  enTlronment,  including  "season,  soil  and  manure, 
locality  and  seed".  Lyon  (60)  in  1906  called  attention  to 
the  faet  that  among  other  thln.<c,  the  oercentnge  of  protein 
In  wheat  was  Influenced  by  the  stage  of  aeTelopment  of  the 
kernel.  LeOlere  (57)  In  1906  and  again  (58)  In  1910  pre- 
sented a  rather  ooanlcte  statement  of  the  factors  known  to 
influence  the  protein  content  of  wheats.  These  include  (a) 
climatic  or  eeaoonal  conditions  such  as  precipitation, 
temperature,  sunshine,  and  humidity;  (b)  soil;  (c)  fer- 
tilizes; (d)  tillage;  (a)  previous  crop;  (f)  seed;  (g) 
length  of  period  from  heading  to  ripening;  (h)  time  of 
planting;  (1)  time  of  harvest  and  (J)  Irripation.  Numerous 
investlpators  Including  Brenchloy  and  Hall  (11)  and  Thatcher 
(114)  hare  colled  attention  to  tho  faet  that  varieties  of 
wheat  grown  under  identical  conditi  ns  will  vary  as  to  the 
percentage  of  protein  in  the  t rain. 

•iithln  nore  recent  years,  those  who  hare  studied  the 
factors  influencing  the  erotein  content  of  -heat  hare 
assisted  somewhat  in  clearing  up  certain  points  concerning 
which  there  has  been  nore  or  lees  controversy.   Swanson 
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(110)  outlines  the         .'Itnatlon  rather  concisely  when 
he  states  that  "both  practical  experience  and  experimental 
evldonce  have  shown  that  the  -roteln  content  of  wheat  Is 
influenced  by  ceveral  factors  which  are  at  the  same  time 
Interacting,  and  conclusions  cannot  be  drawn  from  the  action 
of  any  one  factor  without  at  the  same  time  considering 
other  related  factors".  Among  the  fac*.  ors  which  nre.  em- 
phasised by  3wanson  and  hla  associates  at  the  Kansas  Station 
are  cllaate,  date  and  rapidity  of  ripening,  variety, 
irrigation  and  amount  of  available  nitrogen. 

Assimilation  And  Elaboration  Of  nitrogen  By  The 
Wheat  Plant  At  ouocesslve  3tagoe  Of  Growth 

A  study  of  the  factors  which  Influence  the  oroteln 
content  of  -..-heat  necessitates  at  least  a  working  knowledge 
of  the  assimilation  and  elaboration  of  nitrogen  by  the  plant 
at  successive  stages  of  growth  or  development.  The  In- 
vestigator must  know  the  source  of  the  nitrogen,  when  the 
largest  amounts  are  available,  and  in  what  forms  it  is  uped 
by  the  plant.  He  also  must  have  Information  as  to  the  peri- 
od of  development  of  the  olant  during  which  the  use  of 
nitrogen  Is  greatest  and  when  and  In  what  tissues  nitrogen 
le  stored. 

It  Is  a  generally  accepted  fact  that  all  of  the  nitro- 
gen used  by  the  wheet  plant  Is  obtained  from  the  soil  and 
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that   the  plant  a  can   take  up  or  absorb  only  nitrogen  which 
Is   In  a  readily  available   or   soluble  form.     Available 
nitrogen  la  the  product   of  bacterial  action.      Jlnce  bac- 
terial action  la  Influenced  materially  by  certain  factors 
(80)    including   the  amount   of  oreanle  matter  and   moisture   In 
the  soil,  along  with  proper  aeration  and  suitable  temper- 
atures.   It   la  apparent  that  the  amount  of  ays  liable  nitrogen 
In  any  aoil  may  vary  considerably  depending  on  the  soil  and 
the  season.     One  year  with  another  available  nitrogen  la 
accumulated  in  the  soil    noat  rapidly  when  moisture  and  tem- 
perature onditl  >na  are  favorable,     uniting  and   Schoonoyer 
(122)   of  Illinois  renort  that  nitrate   oroductlon  is    <oat 
active   in  lata  ■  ring   and  early  summer  becanae   of  optimum 
moisture  and  temperature  conditions  and  that   on  land   cropped 
to  wheat   the  largest  nitrate  accumulation  is  in  May.     These 
Investigator*  also  found   that   the  greatest  uae  of  nitrates 
by  the  wheat   crop  occurs   in  a  ptriod  from  the  middle   of  May 
to  early  June. 

Kedaie  of  Michigan  and  Teller  of  Arkansas  made  distinct 
contribution  to  the   information  dealing    nth  the  composition 
of  the  wheat   plant   at  successive  stages  of  development.     The 
results  of  Kedile's  work   (43)  were  published   in  1893.      Be- 
ginning when  "the  wheat  was  headed   out   and  was  In  bloaaom 
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bat  the  berry  was  still  very  Immature"   samples  of  Glawson 
-.vhoat  were  harvested   at  tno  o'clock     .   «.   dally  on  forty- 
six  conaecutlre  days.     Because   of  the  Importance  of  xtr, 
Xedsie's  v/ork  and   Its   Influence  In   stiraulnti  ng   further  re- 
search on  this   problem,    Figure  2  hae  been  prepared   to  show 
graphically  the   changes  In   the  percentages  of  nroteln  and 
carbohydrates  as    Maturity  advanced   by   two-day  Intervals. 
She  data  from  which   this  graph  was  constructed  are  contained 
in  Table  III.      It  will  be  noted   that   the  percentage  of 
protein  decreases  as  that   of  carbohydrates   increases,     from 
the  eighteenth   day,   until  the  grain   is   ripe,   there  are  no 
marked  changes  in  the  oercer.toge  of  either   constituent. 

Teller   (111)  harvested   ..heat  at  the  same  hiar  on  each 
of  forty-one  successive  days  begin- ing  when   the     heat  was 
"just   pact   blossoralnp   and   the   ■  rain  was  set".      Chemical 
analyses   showed  results  qnite  similar   to  those   obtained 
earlier  by  Kedzie,  with   the  exception  that  the  percentage 
of  protein  in  the  kernel  reached   its   lowest  point  about  one 
weak  before   ripening  and  after  that  ehowed  a  slight   increase. 

In  1893,    Jnyder    (95)    published  the  results   of  his  analy- 
ses of  wheat  grown  in  Minnesota   in  1892  and  1893.     The 
samples  v/ere  harvested  at   fiur  stages  of  iiaturlty,   namely, 
(a)   50  days  after  seeding   -   olarts   18   inches  high;    (b)   65 
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Of  Clawson  Wheat  Averaged  by  Two-Day  Intervals  For 
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Table  III 

-  Percentage   of  i'rote 
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"la  assimilated  by  the  | lant  more  rapidly  than  the  mineral 
matters  taken  as  a  whole".   He  found  th  t  the  plants  had 
taken  up  86  per  cent  of  their  total  nitrogen  by  the  end  of 
the  first  50  days. 

Lyon  and  Kezcr  (61)  found  that  "there  Is  a  steady  In- 
crease In  the  amount  of  yellow-berry  as  the  grain  beeo-nes 
riper".   Lyon  (60)  states  that  these  results  agree  with 
those  of  several  German  Investigators,  Including  Helnrloh 
who  shows  that  the  percentage  of  nitrogen  In  the  wheat  kern- 
el decreases  during  the  ripening  process,  while  that  of  the 
carbohydrates  Increases. 

LeClere  (57)  reports  that  "up  to  the  time  of  full 
flowering,  wheat  has  elaborated  87  per  cent  of  the  dry 
matter  and  has  absorbed  all  of  the  nitrogen,  lime  and  potash 
that  it  requires  and  74  per  cent  of  the  phosphoric  acid". 
He  agrees  with  Dwheraln  and  Dupont  (22)  and  Adorjan  (1)  that 
during  the  latter  ^art  of  the  life  of  the  wheat  plant, 
there  Is  but  little  new  food  manufactured  and  that  the 
principal  function  of  the  plant  is  to  transport  the  elabo- 
rated materials  to  the  :ead  and  grain. 

The  studies  of  Brenchley  and  Hall  (11)  In  England 
ahow  that  the  percentage  of  nitropeB  In  the  dry  matter  of 
the  grain  decreases  rapidly  at  first  but  within  18  daya 
after  first  bloom  beeomes  fairly  constant   1th  Indications 


of  a  slipht  rise  toward  the  close  of  the  experiment  which 
ended  39  days  after  first  blossoming.  These  Investigators 
argue  thet  plants  do  >ot  ceas  to  draw  "nutriment  from  the 
soil  at  an  oarly  date",  hut  rather  that  as  long  as  any  part 
of  the  plant  remains  {Teen,  uniform  material  Is  loved  Into 
the  kernel,  "possessing  alwaye  the  same  ratio  of  nl'ropenous 
to  non-nitrogenous  materials  and  ash". 

In  general,  the  work  of  Thatcher,  (118)  and  Klesael- 
hach  (45)  agrees  with  that  of  Teller,  with  perhaps  sllf-htly 
more  emphasis  on  the  tendency  for  the  percentage  of  -rotein 
to  Increase  as  maturity  advances  past  the  milk  stags.  These 
latter  studios  seem  to  strengthen  the  results  of  work  done 
by  Harner  end  Peter  (89)  of  Kentucky  In  1004,  who  found 
"more  protein"  In  wheat  cut  when  fully  ripe  than  In  that 
harvested  while  In  the  milk  or  dough  stags.   Benton  (8)  and 
3wanaon,  J-'its  and  Dunton  (109)  report  little  or  no  change 
In  the  protein  con' ent  of  wheat  after  the  crop  has  become 
fully  rips. 

In  1910,  Moertlbauer  (70)  found  evidence  of  the  fact 
that  the  time  at  nhleh  nitrates  were  made  available  to  the 
crop  Influenced  the  hyslcal  and  possibly  the  chemical 
characteristics  of  the  grain.   In  nore  recent  years,  this 
phase  of  the  problem  has  been  followed  up  by  other  In- 
vestigators. 
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Gerlckee  (26)  experiments  seemed  to  Joetify  the  eon- 
olnalon  that  "variatlms  in  the  protein  content  of  the  grain 
are  not  always  due  to  unknown  ;-enetlc  factors  but  they  may 
he  definite  non-lnhorltahlo  resonses  of  the  plant  to  cer- 
tain conditions  of  ite  external  environment".  He  applied 
sodium  nitrate  to  wheat  at  planting  time  and  at  17,  33,  48, 
72  ard  110  days  after  planting  and  found  marked  Increases  In 
the  percentage  of  >rotcln  in  the  <  rain  as  maturity  advanced. 

Heldig  and  Jnyder  (72)  determined  that  when  the  wheat 
crop  received  "cumulative  addltl ins  of  sodium  nitrate  thru- 
out  the  season"  both  the  protein  content  and  yield  were  In- 
creased over  that  obtained  when  the  same  amount  of  fertiliser 
was  added  at  the  time  of  planting. 

In  1924,  Neldlp  and  Jnyder  (73)  reported  on  experiments 
In  which  sodium  nitrate  was  applied  to  wheat  at  different 
stages  of  growth  in  soil  that  contained  varying  amounts  of 
moisture.  Their  conclusions  ore  quoted  below:  (a)  "High 
moisture  In  soil  containing  sufficient  available  nitrogen 
for  maximum  growth  and  development  of  the  viheat  plant  re- 
sults In  high  yielding  wheat  containing  high  protein  con- 
tent", (b)  "Low  moisture  in  soil  containing  an  excess  of 
available  nitrogen  will  roduce  lower  yields  but  hif  her 
p  oteln".   (c)  "High  or  optimum  moisture  in  soil  which  has 
considerable  nitrogen  available  In  early  stages  but  an 


Insufficient  amount  -luring  fruiting  and  and  ripening  period 
for  maximum  growth  results  In  high  yield  of  wheat  but  low 
protein  content",   (d)  "Under  field  conditions  high  moisture 
content  ae  sometimes  occur  in  seasons  of  abundant  rainfall 
properly  distributed  in  the  growing  period  on  average  soil 
will  produce  high  yield  ulth  low  protein.  A  very  rich  soil 
under  the  same  conditions  will  produce  high  yields  but  may 
show  an  increase  in  protein  if  there  is  sufficient  available 
nitrogen  during  the  entl  e  life  of  the  plant." 

In  1927,  Gerleke  (27)  reported  on  a  most  Interesting 
experiment  in  which  9  varieties  of  wheat  .ere  fertilised  at 
three  stages  of  growth,  (a)  planting  time;  (b)  30  days  after 
planting;  (e)  90  days  after  plarting,  cheoklng  against  no 
fertilizer.  He  found  that  varieties  react  differently  to 
the  different  fertiliser  treatments.  In  explaining  these 
varietal  differences  he  assumes  that  "the  percentage  of 
nitrogen  or  any  other  constituent  in  plant  tissue  la  obvious- 
ly a  faotorlal  measurement  of  the  quantity  of  that  element 
the  plant  has  made  ae  the  result  and  In  part  ae  an  incidence 
of  absorbing  that  quantity  of  the  element.  That  the  measure 
of  growth  plants  make  from  any  plven  quantity  of  nitrogen 
absorbed  may  vary  markedly  is  only  another  way  of  stating 
that  wheat  varies  in  the  percentage  of  this  constituent. 
Gerleke  then  states  that  an  explan  tlon  of  the  variations  In 
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the  protein  content  of  f-rain  requires  consideration  of  "the 
factors  which  determine  the  mess  of  praln  me  erial  that  will 
he  produced  and  Into  which  a  given  quantity  of  nitrogen  will 
be  distributed  and  assimilated  as  protein." 

Pointing  to  the  fact  that  In  the  wheat  plant,  nitropen 
is  used  ir  both  prcln  tissues  and  non-grain  tissues  ana  that 
since  the  quantity  of  one  bears  a  certain  relation  to  that 
of  the  other,  any  factor  that  Influences  "the  apportion- 
ment of  rltroren  to  these  two  claasee  of  tissues  concoivab- 
ly  must  be  Important  In  determining  the  causes  of  Tariatlon 
in  responses"  from  applications  of  nitrate  fertilisers. 

He  observed  thst  two  factors  prently  Influenced  the 
development  of  vegetative  or  non-graln  tissue,  namely, 
tillering,  and  a  long  growing  period.   If  as  is  often  true, 
the  amount  of  available  nitrogen  in  the  soil  is  "less  than 
the  plants  can  absorb  and  utilise",  excessive  vegetative 
growth  in  the  earlier  stages,  will  greatly  reduce  the  amount 
of  nitrogen  avail  ble  for  grain,  since  "some  of  the  nitrogen 
required  for  vegetative  grovth  cannot  be  utilized  later  for 
protein  in  the  praln".  Two  conclusions  from  Cerlcke'e  work 
seem  rather  pertinent:  (a)  "The  supoly  of  nitrogen  avail;  ble 

the  quantity  of  rraln  that  any  state  of  vegetative  de- 
velopment may  Indus*  determines  the  protein  content  of  any 
sample  of  wheat",   (b)  "The  amount  of  nitrogen  avail,  ble  at 
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different  stages  of  growth  affect  the  nroteln  content  of 
grain". 

After  renewing  tha  work  of  the  Investigators  who  hove 
piven  rather  detailed  attention  to  the  percentage  composition 
of  the  wheat  plant  at  successive  stages  of  development,  the 
bulk  of  the  evidence  sec  us  to  show  that  under  average  field 
conditions  the  oercentage  of  protein  in  the  wheat  kernel  de- 
creases gradually  as  maturity  advances  up  to  the  "-riilk"  or 
"early  dough"  stages,  beyond  which  a  allht  Increase  may 
occur  up  to  the  time  the  jrnin  ic  fully  ripe,  flaring  this 
same  oerlod  th  re  is  a  marked  increase  In  the  percentage  of 
carbohydrates  in  the  grain.  Recent  experiments  also  prove 
rather  definitely  that  the  amount  of  nitrates  available  to 
the  plant  aa  wall  as  the  period  of  growth  during  which  they 
are  available  have  a  marked  influence  on  the  nercentage  of 
protein.   It  seems  quite  obvious  that  any  condition  which 
interfere  with  normal  development  and  maturity  of  the  wheat 
cro f  -A   ht  appreciably  influence  the  percentage  of  lmDortant 
constituents  such  as  protein  and  carbohydrates. 

Investigations  Sealing  with  The  Canoes  Of 
Tarlatlon  In  The  Protein  Content  Of  ./heat 

In  sunraarizine  the  Information  obtained  in  reviewing 
the  literature  dealing  v.ith  the  causes  of  variations  in  the 
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protein  content  of  cheat,   no  attempt  has  been  made  to  treat 
the  various  factors  In   the  order  of  their  Importance.     How- 
ever,  the   evidence  made  avail,  hie  by  the  various  Investi- 
gators will  doubtless  enable  the  reader  to  form  rather  de- 
finite  ideas  as  to  the   importance  of  the  different  factors 
in  affecting  orotein  content. 

Environment   or  Locality.    Environment  has  been  defined 
by  LeClerc   (58)   as  including  all  factors  of  any  locality 
which  raifht   tend  to  influence  the  growth  of  plants,   and  re- 
fers specifically  to  climatic  conditions,   soil,   time  of 
planting  and  harvesting,   methods  of  seed  bed  preparation  and 
fertllizinp,   crop   sequence  and   thlcknesa   of  seeding.      It  is 
perfectly  clear;    therefore,   that   environment   is  compoeed  of 
several   Interrelated  factors  and   is  capable  of  influencing 
the  yield  and   composition  of  the   wheat   crop  of  any  season  in 
innumerable  nays. 

Wiley  (127)   whs  amoiv   the  first  of  the  American  in- 
vestigators to  publish  data  bearing    an  the   protein  content 
of  wheat  grown  under  different  environments.      In  1884,   he 
published  the   results   of  over  400  analyses  grouned  by  dis- 
tricts,  showing  a  range  in  protein  content   of  from  9.73  per 
cent   in  the  Pacific  States   to  12.74  per  cent   in  the  -estern 
States.     Carleton  (20)   recognized   the  lnflnence  of  environ- 
ment nhen  he   compared   the  climatic  and  soil  conditions  of 


**■»  »••*  hwd  »"ad  spring  wheat  aections  of  the  United  State* 
and  Attala*     The  effect  of  environment  upon  the  yield  and 
composition  of  wheat  hat  been  noted   In  crops   from  different 
atates,   from  different  counties  within  any  one   state,  from 
different  fartna  within  any  one  county,  and  in  faot,  from 
different  flelda  In  the  aame  farm.     Thatcher   (116)  during 
a  period  of  five  yeara   (1905  to  1909)  noted  variations  In 
protein  of  9.03  to  12.82  par  cent  from  different  local! tins 
In  Washington.      Ladd   (52)   in  studying  hard  spring  wheat  from 
ten  localities  of  north  Dakota  in  1911  found  a  variation  In 
protein  of  from  14.60  to  18.56  per  cant.     Bailey   (6)  mad* 
protein  analyses  of  lllnn.   169  -  Hluestem,  a  pure  line  se- 
lection, grown  In  eleven  different  places  In  Minnesota  and 
fawmd  averages  ranting  from  11.17  to  16.02  per  cent.      angels 
Stoa  and   Dynes    (66)  noted  a  variation  In  the  average  protein 
content  of  the   1928  orop  of  hard  red  aprlng  who  t  from  48 
counties  In  Worth  Dakota  ranging  **•*»  10.75  to  13.42  per 
cent.     Call,  Oraen  and   rwanson  (18)  report  that  over  a  peri- 
od of  seven  years,    the  average  protein  content  of  whe»t  from 
the  various  Kansas  counties  varied  from  11,00  to  15.80  par 
cent,   but  add  that  no  county  or  group  of   counties   «*re  al- 
ways at  the  top  or  at   the   bottom  in  protein  content.     In 
1928,  Call   (19)   reported   that  four  varieties  of  hard  winter 
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wheat  frown  at  Manhattan,   Kansas  In  1927  averaped   1^.50  per 
cent   oroteln  while  the   earn*  varieties  grown  at  Hays  the 
same  year  averaped  16.3  per  cent,   thus  emphasizing  again 
the   influence  of  environment  or  locality.     LeClerc   (59) 
shows   the   effect  of  environment   on  protein  content   in  hie 
repo-t   on  the  triangular  experiments  conducted  at   stations 
in  California,   Kansas  and  iiaryland.      Ceed   from  each  of  the 
three  states  when  frown  in  California  during  a  period  of 
four  years  produced  wheat  which  averaged  13.11  per  cent, 
when  grown  in  Kansas,   the   average  was  18.83  per  cent  and 
In  iiaryland,   12,43  per  cent.     Examination  of  the  data  show 
two  rather  striking   po  nts:    (a)   Seed   of  any  one  variety  ob- 
tained  from  different   eourcea  and  differing  widely  In  both 
physical  and   chemical  characteristics,  when  prown  in  one 
locality  under  identical  conditi  ns  will  vary  but  little, 
if  any,   in  composition,    (b)    Seed  of  any  one  variety  from 
any  one  source  when   planted  in  different   localities  will 
produce  crops  which  are  quite  different   in  nhyalcal  and 
chemical  properties.     Environment,    including  both   climatic 
and   soil  factors  raust  be  regarded  as   one  of  the  major  in- 
fluences in  causing  variations  in  the  protein  content   of 
wheat* 

Climate*     Climate  has   been  defined  by  LeClerc   (58)   as 
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Including  rain,   sunshine,   humMity,   temperature,  winds  and 
elevation.     Add   to  this  the  infinite  number  of  variations 
or  changes  that   occur  in  each  aa  the  growing  season  advances 
and  on*  can  readily  realise  that   "ellmata"   in  its  relation 
to  protein  content  of  wheat   is  a  most  difficult   nroblera  to 
anal;«a.      i-urthermore,    it  ia  difficult   to  compare  the 
climate  of  one  locality  with  that  of  another  beeauae   of  the 
introduction  of  an  ad  itional  c  raplioated  variable,  namely, 
the  soil. 

tflley   (128)   differed  with  his  co-worker,   Richardson 
(77)   by  placing  greater  emphaele  on  the  influence  of  climate 
u   on  the   protein  content  of  wheat  than  on  that  of  the  soil. 

oul*  and  Vanatter   (100)    atate  that   in  Tennessee,   climate 
•eems  to  have  more  to  do  with     reducing  high   orotein  wheat 
than  any  other  influence.     lyon   (60)   considers  climate  as  a 
"potent  factor"   in  determinlnr  the  yield  and  quality  of  the 
wheat  erop  and  adds  that   "affect  of  climate"   ia  produced 
either  by  lengthening  or  shortening  the  growing  season,   par- 
ticularly that   nortion  of  it  during  which   the  kernel  is  de- 
veloping.    Thatcher   (114)    found   "wide  varlsti  ns  in  the 
chemical  composition*  of  any  riven  variety  due  apparently  to 
the  climatic  conditions'   and   later   (112)   concludes  that   "any 
dlfferencea  whether  botneen  varieties  or  between  different 
samples  of  the  same  variety  are  due  chiefly  if  not  wholly. 
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to  differences  in  the  rapidity  of  rlperlng  of  the  grain,  or 
that  any  climatic  condition  which  shortens  the  time  between 
blossoming  and  full  maturity  will  produce  grain  with  a  high- 
er percentage  of  roieln".  LeClerc  (58)  reports  that  seed 
wheat  of  any  one  variety,  from  any  one  source  when  planted 
in  different  localities  under  different  climatic  conditions 
will  yield  crops  which  differ  widely  in  appearance  and 
chemical  composition  and  that  these  differences  are  due 
"for  the  most   art  to  climatic  corditi  na   prevailing  at  the 
time  of  growth".  He  further  states  that  seed  and  soil  are 
relatively  unimportant  in  influencing  the  composition  of 
crops,   ohow  and  Walters  (90)  and  later  LeClere  and  Yoder 
(59)  in  discus*  ng  certain  triangular  experiments,  state 
very  definitely  that  climate  is  the  principal  factor  in  in- 
fluencing the  protein  content  of  heat.   In  this  they  are 
supported  by  Ladd  and  Stockham  (53)  who  state  that  "there 
is  no  grenter  factor  influencing  the  quality  of  v.hest  than 
the  climatic  conditions  under  which  it  is  grown".  Call, 
Green  and  Jwanson  (18)  t  ink  that  climate  has  so  much  In- 
fluence on  the  composition  of  wheat  that  it  is  "almost  im- 
possible in  some  localities  to  produce  wheat  of  high  quality", 
owancon  (110)  maintains  that  the  importance  of  climate  la 
due  to  the  feat  that  It  Is  "the  greatest  factor  Influencing 
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the  soil  solution". 

In  spite  of  the  evidence  emphasizing  th.  Importance  of 
climate  in  relation  to   protein  content   of  wheat,    there  are 
investigator*  .hose  findings  ..em  to  support  oo-n.what  differ- 
ent vie.,.     B.canse  of  the  fact   that  they  found  such  marked 
variations  In  the   protein   content  among   individual  plants  1b 
wch  of  thre.  varieties  of  California  wheat  grown  under  th. 
same  conditions  of  soil  and   climate.   3haw  and  Gaumnlts   (89) 
are   inclined   to  doubt  the   Importance  of  climate  and  soil  in 
Influencing   chemical  composition  and  seek  the   "ultimate 
cau.es  of  difference  within  the   mant   ltself.Br.   Headden 
(33)    (36)   believes  that   under  Colorado  conditions  the  soil 
should  be  Piv.n  far  ,oro  aphasia   than  climate  in  connection 
with  quality  in  wheat. 

oince  climate  is  a   factor  eomoosed  of  several  inter- 
related  favors   it  cannot    oe  easily  interpreted,     aowev.r, 
in  th.  light  of  the  information  no.  available  it  apnears 
that   Sanson  (110)  has  described   climate  most   accurately  a8 
it  relates  to  high  or  low  protein  content.     A  climate 

charactered  by  "dry  winters,   cool  swings  .lth  noderat. 

rainfall  and  hot.   fairly  dry  sua  ers  naualiy  prodnc.a  a  hard. 

atrong  whe.f  with  a  high  percentage  of  protein.     A  clime t. 

with  "more  open  winter..   .  high  rainfall  In  spring  and 

■  produces  a  soft  wheat  or  one  characterised  by  yellow 
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berries  and  a  relatively  high   otarch   content".     He  further 
calls  attention  to   the  fact  that   "ae  weather  or  climatic 
conditions  vary  from  year  to  year",  wheat  which  varies  con- 
siderably In  quality  may  be  nroclueed   In  different  years  in 
the  oaae  locality. 

Season.     Ae  early  as  1884,   Lawea  and  Gilbert   (55)  noted 
the  distinct  Influence  of  the  sroson  for  they   call  attention 
to  the  faot  that  "variations  of  eeasons"  produced  greater 
changes  In  the  composition  of  the  wheat  grain  and  straw 
than  "variations  in   -»nura".      iJelikov  (G8)   after  studying 
the  wheat  cro-a  of  3uaela  from  1886  to  1899   found   that  the 
seasonal  variations  in  protein  content  ranged  from  14.00 
to  21.80  per  cent,  being   highest   In   dry  years  and   lowest   in 
years   of  pood   crops.      ><iley  (129)    in  1901,   explained   that 
the  wide  variations  In  the  composition  of  wheat   "was  not 
due  to  the  character  of  the  soil,   nor  yet   to  the  character 
of  the  fertilizer  employed,   nor  in  the  method  of  culture, 
but  depended  al-iost  entirely  upon  the  meteorological  c  n- 
dltlona".     Deheraln  and  Dupont   (22)  emphasized  the   In- 
fluence of  season  noon  the  chemical  composition  of  the  wheat 
grain.      In  1888,  with  a  slovr  ripening   process  and   late  har- 
veat,  the  percentage  of  gluten  was  12.60  and   that   of  starch, 
77.2,  while   in  1889,   v/lth  a  hot   eummer  hastening  the  maturity 
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the  grain  contained  15.30  per  cent  of  gluten  and  nly  G1.9 
per  crnt  of  etarch. 

A  large  numbar  of  the  station  workers  In  the  United 
Jtates  have  presented  data  to  show  the  importance  of  the 
••aeon  In  changing  the  composition  of  heat  with  particular 
emphaeis  upon  the  protein  content  of  the  grain.  Among  these 
should  be  mentioned  ./illlaras  (131)  Snyder  (96)  Jones  and 
Colver  (41)  Jail,  Green  and  3wanson  (18)  Keier  (44), 
Schollenberger  ar.d  Clark  (84)  and  Jiangela,  et  al  (64  and  66). 
Schollenberger  and  Glark  illustrate  the  seasonal  variation 
within  a  variety  by  using  data  for  JIarq  'is  spring  wheat 
crown  at  twelve  experiment  stations  in  western  states  during 
flTe  crop  years,  1917  to  1921,  inclusive.   A  study  of  their 
data  reveals  the  facts  (a)  that  at  any  one  lioallty  the 
variations  due  to  seasonal  influence  are  greater  than  those 
due  to  variety,  and  (b)  that  the  varlutiona  In  nrotein  con- 
tent due  to  locality  are  far  more  imnortant  than  those 
caused  by  seasonal  differences. 

ladd  and  Bailey  (49)  found  that  the  range  of  protein 
In  wheat  grown  on  the  same  farm  in  north  .Dakota  in  different 
years  has  frequently  amounted  to  4.00  and  5.00  per  cent  and 
occasionally  hus  differed  as  nuch  as  6.0  per  cent. 

Amea  (2)  of  Ohio  and  Swanaon  (110)  of  Kansas  Maintain 


33 


that  variations  due  to  the   seasonal   Influence  are  greater 
than  tose  due  to  differences  In  the  a   11  and  Kiesselbach 
(45)   of  Bebraska  agre  a  with   Sohollenberger  and  Clark  (84) 
that  the  variations)  due  to  season  are  greater  than  those 

between  varieties. 

The  «ork  of  Soule  and  Yanatter    (100),    ohepard   (92), 
lyon  and  Xeser   (61).   Shaw  (88).   Roberts  and  freeman  (18). 
Call  end   3almon  (16)   and  Call(19).   also  Salmon  and  Throck- 
morton (81)  would  seem  to  support  a  aumbry  statement   on 
the  influence  of  season  as  follows:     The  protein  content 
of  nheat  may  vary  to  a  marked  extent  from  one  season  to  an- 
other and  that  in  general,   seasons  which  are  hot  and  dry 
causing  the  crop  to  ripen  rapidly  produce  wheat  with  a  high 
protein  content  while  seasons  with  cooler  temperatures  and 
more  moisture,   particularly  during  the  growlag  aeaeon  are 
liiely  to   result   In  wheat  with  a  lower     ercentage  of 

protein. 

Halnfall.   I*Clerc   (57)   noted  the  effects  of  varying 
amounts  of  moisture  on  the  composition  of  .;  eat  when  in 
1903  and  1904  he  compared  samples  grown  on  dry  land  with 
those  grown  In  humid  and   Irrigated  localities.     The  dry 
land  grown  wheat  c  ntalned  approximately  3.00   pi  r  cent 
more  protein  than  that  grown  under  more  moist  con- 
ditions.    However,  he  stresses  the  fact  that  rainfall  and 
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temperature  are  closely  related.     Thatcher   (116)   reports 
"a  rery  definite  relation  between   the  total  rainfall  and  the 
composition  of  v;heat  frown  In  the   different     arts   of  ./eeh- 
lnpton".      Bailey  (5)   after  studying  rainfall  data  In  Minne- 
sota decided   that   "there  is  a  relationship  between  the  rain- 
fall from  April  1  to  Jeptemher  1  and   the    iroteln  content". 
The   oroteln  decreased  gradually  as  the  rnlnfall   for  the 
period  -nentlmed   lneressed.      Jtockhara   (108)    found  that  the 
compoaltl  m  of   ..heat   is  Influenced   sonewhot   by  the   soil  but 
the  effect   of  moisture  is  much  greater*     Ladd   and      tockhan 
(54)    present   data   eoveririf    a      _  rlod  of  years  showing   that 
the   "protein  content  varies  inversely  as  the   soil  moisture 
at  maturity".      Stewart  a> d   Hirst   (106)    in  Otah  found  a   "close 
relation"  between   the   rainfall  during   the  growing  season  and 
the     rote  In  content   of  wheat.     An  examination  of  their  data 
seem  to  show  that   the  rainfall  for  July  is  «nore  closely  re- 
lated  to  oroteln  content   than  is  that   for  the  months   of 
April,   May  and   June. 

3ewell  and   Swanson   (8?)    discovered  no  correlation 
between  rainfall  and   the    iroteln  content   of  Kansae  wheat. 
Beidlp   and   Unyder  (72)   believe  that   If  there    is  a  sufficient 
supply  of  nitropen  avail  hie   in  the   soil,    "moisture  is  the 
chief  climatic  factor".    Influencing   the  yield   and    iroteln 
content   of  v.hcat. 
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Temperature,  llllaras  (131)  after  "our  years  work  with 
43  variotl.  s  of  '.heat  In  Ohio,  found  thut  protein  content  of 
winter  wheat  varied  Inversely  ae  the  mean  temperature  for 
Jane.  Mangels  (63)  states  th  t  tern  eratures  above  normal 
for  June  and  July  Increases  the  nroteln  content  of  wheat, 
but  unfortunately  the  cll-natlo  conditions  which  result  in 
high   orotcln  are  not   favorable  for  high  yields. 

The  evidence  avail    ble  does  not  make  a  clear  case  for 
either   temperatu  -e   or  rainfall   ..hen   considered   separately 
which  suggests  the  Importance  of  the  flndlnp   of  LeClerc, 
namely,   that    "moisture  and   temperature  are   interrelated". 
This   is   further  emnhesised  by  'Jail,   Green  and   Swanson  (18) 
In  pointing   out    the  influence  of  rainfall  and  temperature. 
They  cite  the  season  of  ly  17-18     hlch  was  dry  and  warm,   and 
produced  wheat  with  a  high  protein  content,   while  the  next 
year  i»»s  wet  and   cool  end   the    nroteln  averaged    considerably 
lower. 

Irritation.   Considerable  prejudice  has  developed 
against  wheat  produced   on  Irrigated   land   because   It   is 
supposedly  softer  and   contains  a   low  r   percentage  of   nroteln 
than  that  grown  on  non-lrri.uted   land. 

Headden  (32)    (33)    (35)   seems   firmly  convinced   that 
under  Colorado  conditions   irrigation  doca  not  reduce  the 


protein  content.     On  the   other  hand   3hutt   (93)   of  Canada 
and  investigatore  In  Dtah   (104)    (125)    (126)    (106)    (30)   con- 
clude with   equal  confidence  that  wheat  grown  under  irri- 
gation contains  lesa  protein  on  the  average  than  that   pro- 
duced without  irrigation.     Knight    (47)   and   Janea  and   Jolver 
(40)    (41)   and   Jones,   Colver  and  i'lahbura   (42)   found  that 
excessive  Irrigation  reduces  the   protein  content   but   that 
it  does  not  neeeasorlly  follow  thrt  all  irrigated  wheat  la 
low   in  iroteln  which   suggests  the  poaelbility  of  the  in- 
fluerce  of  the  aoil  in  the  various  localities*     Knight   pro- 
duced aarqnie   spring  wheat   for  a  Period   of  five  year8  at   the 
Hevada  Agricult  ral  Kxperiraent   station  without   noting  any 
deereaae  in  quality  when  receiving   leso  than  30  inehee  of 
water,  v/lth  7   inches  or  leae  at   each  aprilieation.      Jones 
and  Colver  stress  the  fact  that  while  irrigated  wheat  con- 
tains  leas  protein  than  that  non- irrigated,   the   difference 
ia  rot   great   enortph  to  support   "the  com  only  held  views  re- 
garding  the  relative  values   for  bread  making   purposes  of  dry 
farmed  and  irrigated  wheats"*     Their  results  indicate  also 
that  hard   red   coring  wheats  of  the   "highest  quality"  may  be 
produced   on  irrigated  land   in  southern  Ivloho  "If  other  con- 
ditions for  growth  are  favorable".     Theae  findinpa  a 
with  those   of  Howard  and   others   (37)    of  India, who  state  that 
irrigation  and  high  orotein  content   may  go  together  "when 
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cultivation  Is   suitable  and   the  amount    of  irrlfatlon  water 
regulated". 

Soils.     A  review  of  the  literature  dealing  with    the 
sell  and   its  relation  to  the   protein  content   of  wheat  re- 
veals considerable  difference  of  opinion.        lchardson   (77) 
after  having   analyzed  a   large  number  of  cheats  from  various 
parte  of  the  United   States  was  strongly  of  the   opinion  that 
the   fertility  of  the  soil  greatly  influenced  the     -oteln 
content.     He  supported  his  conclusions  by  citing  as  evidence 
the  low  protein  content   of  uhrat  frown  in  the  Atlantic 
States   "where  soils  hove  become  -rore  or  less  morn  out"  as 
compared  with  wheat  from   the  western  states  whers  "the  soil 
contains  those  stores  of  plant  food  and  nitrogen  especially, 
which  make  a  rich  ,  rain  of  wheat".     He  aoes  rot  appear,   how- 
ever,  to  have  eatlsfactorLly  explained  the  low  nroteln  con- 
tent of  wheat   from  the  Pacific  Coast  states.      Lawee  and 
Gilbert   (56)    in  summarizing  their  work  or.  the  Hothamsted 
station  call  attention  to  the   faot   that  when   crops  are  grown 
continuously   on  the    same  land   without    the  addition  of 
nitrogenous  manures,   both   the  yield  and    "the  amount    of 
nitrogen   In  the  crop  decline   in  a  very  marked  degree".   Other 
investigators  who  are   inclined   to  attach  some   Importance  to 
th"  soil  as  a  factor  in  influencing   the   nroteln  content  of 
wheat   include  Jones,    Plshburn  and  Golvor  (39),   JPraps   (24) 


Amos  and  Bolts  (3),  Headden  (34) ,  Neldlg  and  Snyder  (72) 
and  Llangela  (63).   3tockham  (108)  atatea  that  In  Korth 
Dakota  the  soil  nitropen  dec-escos  aa  one  foea  westward 
In  the  state  ana  the  tendency  la  for  the  cheat  to  correa- 
pondlngly  Increase.  Or,   „Uey  (189)  did  not  agree  with  hla 
a88oc!ate,  Jlchard8on,  maintaining  that  "the  aoll,  aa  a 
rale,  haa  the  least  effect  of  all  the  Important  factore  of 
environment  a  >on  chemical  composition,  provided,  of  coarse, 
that  It  contains  the  essential  elements  of  plant  food 
neceaaary  to  oroo uce  a  crop".   Soule  and  7anatter  (100)  re- 
port from  their  work  In  Tenneaeee,  that  a  rich  soil  or  the 
use  of  large  quantities  of  commercial  fertiliser  "does  not 
seem  to  increase  the  protein  to  any  appreciable  extent". 
Perhaps  the  beat  evidence  to  show  the  relative  un- 
importance of  eoll  in  effecting  changes  In  the  protein  con- 
tent of  wheat  la  that  reaulting  from  the  triangular  ex- 
perlment8  conducted  over  a  four  -ear  neriod  in  California, 
Kansas  and  Maryland.   This  experiment  Involved  the  use  of 
"a  fairly  good  wheat  soil",  one  from  each  state  put  down 
aide  oy  side  In  each  of  the  three  localities  and  planted  to 
the  Sana  variety  of  wheat.   Shaw  ond  .^alters  (90)  and  Le- 
Clerc  and  Yoder  (59)  h  ve  analysed  the  results  of  this  and 
other  triangular  experiments  and  conclude  that  8oil  plays 
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a  relatively  small  oart  In  Influencing  the  nitrogen  content 
of  the  wheat  crop.  Thatcher  (117)  offers  evidence  from 
his  work  In  Washington  which  confirms  the  results  of  the 
triangular  experiments.   It  appears  therefore,  that  while 
the  soil  may  influence  the  nroteln  content  of  the  wheat  crop 
to  a  certain  extent.  Its  Influence  Is  exceeded  by  that  of 

other  fuctors. 

The  differences  of  opinion  regarding  the  importance  of 
the  soil  as  a  f<  ctor  In  influencing  'he  nroteln  content  of 
wheat  may  be  explained  In  art  at  least  by  the  fact  that 
several  interrelated  factors  are  Involved,  and  that  there  Is 
a  ooBslblllty  of  the  effects  of  these  being  masked  or   over- 
shadowed entirely  by  varlatl  na  In  protein  content  caused  by 
differences  In  seasonal  conditions.   It  will  be  of  Interest 
to  study  the  effect  of  factors  closely  related  *o  the  soli. 
Including  the  use  of  fertlllz  rs,  irrigation,  tillage  nmthode 

and  crop  sequence. 

fertilisers.  Considerable  investigational  nork  has 
been  done  with  commercial  fertilisers  and  manures  in  an 
effort  to  improve  the  composition  and  baking  value  of  uheat. 
Because  of  the  Importance  of  the  nltngenous  material  In 
the  wheat  kernel,  most  Investigators  have  undertaken  to  Im- 
prove wheat  by  Increasing  Its  nitrogen  content,  tfor  various 
reasons,  the  experiments  with  fertilisers  have  not  nroduced 


uniform  results,   although   some  rath  r  definite  conclusions 
ore  poesible. 

lienke   (69)   frew  eleven  varieties  of  v;heat   In  Arkansas, 
both  7,1th   and  without  commercial  fertilizers.     Although  no 
mention  is  nade  of  oroteln  content   it  is   of  interest  to 
note  that  the  fertilized  wheats  received  higher  grades  on 
the   3t.   Louis  market.     After  working  with  commercial  fer- 
tilizers over  a   pe-iod   of  five  years,    ..illlams   (131)    of 
Ohio  found  that   plots  reoeivir.f  no  fertilizer  or  those 
without   phosphorus     roduced  low  yields  of  '-rain  vlth  a 
11;  ht  test  vrelfht   but  a  high  percentage   of  protein,      <ihen 
phosphorus  fertilizers  v/ere  used   the  yields  were  greatly 
ire   eased  and    the  grains  were  larger  and   plumprr.  with   a 
high  starch   content  and   low   In  protein.     leClere   (57) 
mentions  that  soils   and  fertilizers  have  more   or   less   In- 
fluence  on  the  quality  of  wheat,   but   that  this   influence  is 
"much   lese  marked"   than  Is   that   of  "rainfall   or  of  climate 
In  general".      Jnyder  (99)   from  work  in  Minnesota  found   that 
In  all  teste  ulth   one  exception,   the  largest   nrotein  con- 
tent was  obtained   from  vrtv.at  prown  on  plots   to  v;hich  either 
nitrogen  alone  or  a  c  >mnlete  fertilizer  which   included 
nitrogen  vtna  applied.      In  1917,  Ames  and    *oltz   (3)    publi- 
shed Information  concerning  the   fertilizer   e.cpe  -Imonts  with 
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wheat  In  Ohio.      Bj  adding   phosphorus  without  nitrogen  to 
soils  which  res  ond    aore  readily  to  the  first  than  to  the 
latter,   the  yield  wr  s   Increased  hut  the   percentage  of  pro- 
tein was  materially  decreased.      -hen     itrogen  was  added 
with     hosphoros,   hoth  the  yield   and   protein  content   of  wheat 
were   Inc   eased.     These   investigators  also  found  thr.t  the 
highest  protein  was  obtained   in  wheat  grown  on  soils  de- 
ficient  in  avail'  bio  phosphorus,   but  well  supplied  with 
nitrogen  in  available  form.     Headden  (32)    t*  )    (35)    (3r) 
believes  that  the  composition   of     heat  is  "much  more  easily 
influenced"  by  the  fertility  of  the  soil  than  "we  have  been 
taught  to  believe".     His   Investigations  point  rather  de- 
finitely to  three  conclusions  as   followa:      (a)   liitrogen  in 
the  form  of  nitric  ■ Itrogen  in  the   soil  increases  the 
nitrogen  content   of  the  wheat  grain;    (b)   phosphorus  shows  o 
tendency  to  depress  the  amount  of  nitrogen  in  the  praln;    (c) 
potassium  caused  a  marked   depression  in  the   ritrogen  con- 
tent of  the  grain.     Heldip  and   inyder  (72)    (74)   obtained 
only  a  slight   Increase  In  the  orotein  content  of       eat   in 
Idaho  by  anplylng    »nure  at  the  rate  of  20   tons  oer  acre 
every  third  year  hut  when  certain  nitrogen  fertilisers  such 
as  sodium  nitrate  and  annonium  sulfate  were  used,   there  wa« 
a  marked  increase   in  the   percentage  of  irotein  over  that 
grown  wit -out  fertlllzor.     Brlgga  and  Hawkins   (12)    In 
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rlzona  obtained  inc  -eased  yields  accora  anted  by  increased 
protein  content  from  using  a  nitrogen  fertlliz  r  on  a  soil 
which  did  not  respond   to  either  phosphorus  or   -otash. 

It  is  apparent  that  so  far  as  protein  content  alone  is 
concerned,  improvement  may  be  obtained  by  using  fertills  rs 
which  will  supply  r.ltrogen  in  a  readily  avalltible  form.  It 
la  also  evident  that  the  balance  or  ratio  between  available 
nitrogen  and  avail  ble  forms  of  ohosphorus  and  potassium 
has  considerable  afreet  on  the  protein  content  of  the  wheat 
crop. 

Available  nitrates.     The  literature  dealing      1th   the 
factors  which  determine  the  orotein  content   of  wheat  and 
other  crops  ola^es  considerable   emphasis   on  the   nart  which 
avail  ble  nitrogen  playa  in  the   oroper  growth  and  development 
of  the  crop.      In  1906,   Lyon  and  Keier  (61)   concluded   that 
"the  amount  of  readily  available  nitrogen  in  the  soil  es- 
peclally  during  the   period  of  growth  previous  to  heading" 
along  with  varietal  tendencies  and  climatic  factors  were 
the  condltl  >ns  v;>  lch  Influence  "the  percentage  of  nitrogen 
that   the  kernels  contain".      3wanson   (110)   states  that  the 
production  of  high  protein  wheat  is   possible  only  if  there 
is   in   the  soil  an  adequate  supply  of  available  nitrogen, 
nrlce   (14)   concludes  from  hie  data  that   "nitrate  ritrogen 
is  certainly  a  factor  and   probably  the  greatest  factor  in 
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controlling  the  ylelda  and  quality  of  wheat  In  Montana". 

jlnce  nnch  of  the  nitrogen  In  the  soil  Is  not  readily 
available  to  growing   plants,   it   is  conceivable  that  tillage 
and  cropping   practices  known  to  influence  the  availability 
of  nitrogen  would  also  effect  the  protein  content   of  wheat* 

Length  of  grnltlnp   Period.     Several  investigatore  hare 
found  that  the  length  of  the   period  from  heading  until  full 
maturity  usually  designated  as  the   "fruiting  period",  has 
a  marked  influence  upon  the  percentage  of     roteln  In  the 
grain  of  wheat.     Deheraln  and  flupont   (22)   n  <ted  that   In 
1888,  with  a  late  harvest  and   the  wheat  ripening,  slowly,   the 
praln  contained  12.60  per  cent  of  protein  and  77.2  p- r  cent 
of  starch.     In  1889,  the  earner  wae  hot,  ripening  the  crop 
rapidly  with  the  result  that   the  r*aln  analysed   15. 30  per 
cent  protein  and   only  61.9  per  cent  of  starch.      In  1901, 
Jchrlbaux  (85)   pointed  to   the  fact  that   "all  circumstances 
tending  to  shorten  the   neriod  of  growth  favor  the   formation 
of  nitrogenous  substances  in  the  grain!     An  Identical  con- 
clusion was  reached  by  'J 1 ley  (129)   at   the  same  time.      In 
1908,    ioberts  and  lire,  man  (78)   noticed  a  similar  Influence 
of  the  length  of  the  fruiting   period  as  applied  to  yellow 
berry  content   of  wheat. 

The  general  statement  that  a  long  fruiting  period  pro- 
duces wheat  lower  in  nroteln  content  and  higher  In  percentage 
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of  carbohydrates  while  In  a  short  fruiting   period,   the  sit- 
uation le  reversed.   Is  supiorted  aleo  v    the  work  of  Blan- 
chard   (9),   Thatcher   (113),    (117),   LeClere   (57)   and   Sanson 
(110). 

Unpublished  data   (136)    from  the  University  of  Alberta, 
Kdmonton,   Alberta  resulting   from  a  variety  and    strain  of 
spring  wheat  shows  that  in  1939   ten  varieties  and  strains 
whose   "growth  period  ranged   from  102   to   104  days  -  average 
of  103  days,   contained  a   nrotein  content  which  ranged   from 
14,4   to  16.6  per  cent   -  average  of  15.3     er  cent,      fifteen 
whose  growing   period  was  98  days  or  less  averaged  97  days 
(95  to  98)    contained   an  average  of  1G.6   nc.r  cent      roteln." 

^ lass  6f  ..heat,    -orsiderablc  evidence  has  bren  obtained 
regarding  the  average  percentage  of  nrotein  contained  in  each 
of  the  various   classes  of  wheat.     Thomas   fl20)    summarized 
the  data  on  several  hundred  analyses  made  during   the  six  years 
1908  to  1913.     These  analyses,  grouped  by  classes  are  as 
follows:      (a)   Durum  -  154  samoles  averaged  14.30  r>  r  cent 
protein,    (b)   hard  red  sorinp   -  546  samples  averaged  12.90 
per  cent,    (c)   hard  red  winter  -  359   samples  averaped  12.10 
per  cent   and   (d)   soft   red  vilnter  -    235    3amploe  averaged 
10. GO  per  cent   protein. 

Data  published  by  ochollonberger  and  Clark   (84)    in  1924, 
covering  analyses  made  during  a  period  of  seven  years,   1915 


to  1921,   rank  the  classes  In  the  MM  order,  but   the  averages 
in  each  case  are  .lightly  higher.  Thatcher   (112).    Jtewart 
and  Grsav.e   (104).   Ladd   (50).    (51)   a.lley  (5).    (7).   Thomas 
(119).    Stephens  and  ayslop  (102).   iCiesselbach   (45).   Jchafsr 
(82)   and  Keser  (44)   have  called  attention  to  the   fact  that 
hard  red  spring  wheat  materially  exceeds  hard  red  winter 
wheat   in   the  average  percentage  of  protein  in  the  grain. 
Catcher   (117)   and   Olson   (75)   have  found  that  in  ..sshlngtoB. 
varieties  whieh  may  he  sown  either  In  the  fall  or   In  the 
spring,   average  noticeably     lgher  in     rotein  content   from 

•ing   sowing.     Thatcher  attributes  this  difference  in  com- 
position of  fall  and  spring  sown  grain  to  the  length  of  the 

growing  season. 

Investigators  in  Horth  Dakota  (48)    (49)    (52)    (65)   and 
South  Dakota   (21)   call  attention  to    the  fact  that  ee  a  rule 
durum  wheat  contains  a  somewhat  higher  percentage  of  pro- 
tein than  hard  red  soring,   thus  supporting  Thomas  and 
Jchollenberger. 

Concerning  the  average   protein  content   of  various 
classes  of  cheat   the  following   statements  seem  warranted: 
(a)    Durum  wheat  while  averaging  hirher  than  hard  refl   spring 
wheat,   is  not  necessarily  superior  owing   to  the  poor  qual- 
ity of  the  gluten  for  bread  making   purposes:    (b)  hard 


spring  wheat  averages  distinctly  hlpher  than  hard  red 
winter.     Thotc'n  ;r   (117)   attributes  tile  difference  to  the 
oh  rter  period  of  growth  Afforded  spring  -heat*     ladd  (51) 
expresses  the  opinion  that  the  difference  may  he  due  to  the 
faot  that  "wlrter  wheat  matures  daring,  the  part  of  the 
season  when  oondltl ma  nre   seat   suitable  for  (trowing  end 
the  aocumnlatlon  of  aturch". 

Variety,     numerous  references  oall  attention  to  the 
Influence  of  variety  upon  the    'rote In  content  of  viheat. 
Irish  and  Blgelow  (38)   found  that  ten  varieties  of  wheat 
which   they  grew  In  1889  sh  iwed  "a  rarpe  In  total  nitrogen 
from  1.26  to  S.S1  per  cent"*      Johrlbaux  (86)   observed  a 
variation  due  to  varietal  influence  hut  concluded  that  the 
protein  cot  tent  "depends  much  more  unon  the  conditions  under 
which   the  plants  develop".      Jheperd   (91)   rioted  wide  vari- 
ations between  varieties  In  both  common  and  durum  wheats, 
•ilanoko  and  Usher  (124)  report  m  variation  of  from  10.11 
to  14.45  per  cent   In  the     roteln  content  of  59  varieties  of 
wheat  grown  In   Indiana  in  1905.      Several  others,    including 
Investigators  In  dashlnpton,   (114)    (115)   (116),  Kentucky 
tnz),     upland   (11),   Pennsylvania   (25),   Ohio   (132),    I.<ahe 
(39)    .   Karsas   (130),   tflnresota   (6),    (4),   Ml  oh  I  pan  (101)   and 
north  Dakota   (107)  have  directed  attention  to  vnrl    tl  ns  In 


protein  content  of  varieties,  when  grown  in  any  one  season 
under  aa  nearly  as  possible  identical  conditioner 

\  Ae  la  to  be  expected  there  are  minor  differences  of 
opinion  ae  ta  the  importance  of  the  variety  in  causing 
variations  in  protein  content.   Jchollenberger  and  Clark 
(84)  state  thut  "the  Inherent  qualities  of  a  variety  are 
the  basic  and  usually  the  principal  factors  in  determining 
the  milline  and  baking  vaiue  of  any  sample  or  lot  of  wheat",. 
and  "the  effects  of  season,  locality,  rainfall,  elevation, 
and  soil  are  generally  of  less  importance  than  varietal 
differences".  However,  the  strength  of  this  statement  is 
reduced  somewhat  when  the  authors  nention  the  feet  that 
there  is  "considerable  variation"  within  a  variety  because 
of  the  Influence  of  environmental  faetora  mentioning 
specifically  the  "locality  and  season". 

The  imnortanee  of  the  variety  in  influencing  the 
protein  content  of  wheat  has  been  veil  soamarised  by  .111- 
lams  (131)  and  Swanson  (110).  The  former  concludes  from 
work  done  In  Ohio  between  1901  and  1904  that  "variation  in 
per  cent  of  protein  d if fere  radically  from  season  to  season 
yet  some  varieties  which  are  relatively  high  one  season 
are  relatively  high  all  seasons".   3wanson  in  Karsas  re- 
cognises that  certain  varieties  produce  wheat  with  a  higher 


protein  c  ontent   thm    others,   yet   holds  that  the  Yarletal  in- 
fluence 18   secondary  to   that  of  climate  and   pr  bably  also 
to  soil.     This  statement  agrees  with   the   cone In 8 lone   of 
Thatcher   (116)   that    "the  variations  in  the  average  com- 
positlor,   of  -..heats  grown   in  different   localities  is  greater 
than  the  differences  between   the  averages  for  the  different 
varieties".     Thatcher  further  concludes  that  environmental 
conditi    ris  exert  a  greater   influence  in  determining   the 
quality  of  nheat   than  do  variety  characteristics". 

:o  iree  Of  Jeed.    In  1884,    ./iley   (127)   made   nubile  the 
average  analyses  of     heats  grown  in  various  districts  or 
regions   of  the  United   itotes.     The   percentage  of     rotein 
ranged  from  9.73  in  the  Pacific  ot   tea  to  12.74   in  the 
Western  3tates.      It   is  not  at  all  surprising;   therefore, 
that  there  was  developed   a  rathor  common  belief  that   seed 
should  be   Introduced   occasionally  fron  the  better  districts 
to  reolace   that  which  had   "run  out".      Irish  and    Biglow   (38) 
r   ting   th«.    low   -rotein  content   of  Oregon  wheat,   introduced 
seed   from  three   sources.     The  crops  harvested  the   following 
year  averaged   1.37   per  cent   less  protein  than  the  seed 
planted.     Carleton   (20)states  ttot  the  gluten  content    of 
wheat   cannot  be   "materially  and    permanently  increased" 
through  the   Introduction  of  "hard  grained  nitrogenous  sortr" 
from  another   part  of  the  country.      8olley   (10)    obtained 
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seed1  wheat  from  Tarioua  sources  and  when  tested  under 
Identical  conditions,  the  nroduct  was  approximately  equal 
in  c  mnosition.  Similar  results  were  reported  by  Mangels 
(63)  and  Jones  and  Solver  (41).  The  work  of  „iley  (129), 
I-sClerc  (58),  Thatcher  (117)  and  3haw  and  waiters  (90) 
proves  conclusively  that  the  composition  of  the  seed  sown 
has  but  little  influence  if  any  on  the  composition  of  the 
resultant  crop. 

All  of  the  evidence  reviewed  seems  to  emphasise  the 
futility  of  attempting  to  Improve  the  protein  content  of 
the  crop  by  introducing  seed  wheat  from  regions  which 
normally  Produce  darker  and  stronger  wheats* 

Method  Of  3ecd  Bed  Jereparatlon.  Available  nitrogen  in 
the  soil  la  a  product  of  bacterial  action.   Fortunately 
the  activity  of  the  baoterla  concerned  in  the  accumulation 
of  r  ltropen  is  greatly  stimulated  by  what  are  recognized  to 
be  the  best  methods  of  tillage  or  seed  bed  preparation. 

As  early  as  1893,  Snyder  (95)  of  JUnnesota  concluded 
that  "the  chief  benefits  of  fallow  are  due  to  ths  addition- 
al time  and   ore  favorable  conditions  given  for  the  nroceas 
of  rendering  nitrogen  available".   oackett  (80)  and  Headden 
(34),  (35)  of  Colorado  found  that  the  available  nitrogen 
could  be  greatly  Increased  by  fallowing.  McCall  and  Holts 
(67)  of  Washington  and  Jtephens  ard  Hyslop  (108)  of  Oregon 
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emphasise  the   Importance  of  the   <nrly  preparation  of  fallow 
In  coneervlng   moisture  and  accumulating  nitrates.      3tephene, 
MeCall  and   Bracken   (103)   in  riving  the  results  of  experi- 
ments  in  wheat     roductlon  in  the   dry  lands  of  the  Western 
United  States  call  attention  to   the  faot  that   "tillage  hae 
a  very  marked  effect   in  promoting   the  activities   of  soil 
Bacteria"  and  that   Decease  of  "this  activity  and   the   direct 
effect  of  soil  stirrinp   and  raUsture  additions,   the  chemi- 
cal moke  up  of  the   soil  and   consequently  the  availability 
of   the  plant   food  are  very  materially  altered  by  tillage", 
dwanson  (110)   plves   the  results  of  elevon  year's  work  in 
Zantsma  showing   that  early  prepare ti   n  of  the  seed  bed    for 
winter  wheat  has  a  distinct  advantage   in  both  yield  and 
protein  content   over  late  preparation.      3ewell  and   Call 
(86)    found   the  greatest  amount   of  nitrogen  In  the  soil  at 
seeding   time   in  those   plats  which  had   receive*  some  kind   of 
early  tlllape  in  the   preparatl  *n  of  the  seed  bed  and  Sewell 
ond   awanson  (87)  noted  that   those  tillage  treatments  which 
accumulated   the   largest  quantity  of  nitratOs   in  the   soil 
also  produced   the  largest  yields  and   the  wheat  averaged 
!:i;  her  in  protein  content  and  yielded   flour  which  was 
superior    in  quality  as  determined  by  loaf  v  lurae  and   tex- 
ture.    The  results  of  the  work  of  Kiesselbach  and  Burr 
(46)    in  Nebraska  agrees  quite  closely     lth   those  of  the 
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Kansas  experiments. 

That  weeds  nse  large  amounts   of  available  nitrogen  from 
the  soil  la  shown  b     the  results  of  experiments  conducted 
in  several  states,      -nyder  (98)   of  Minnesota  after  analys- 
ing  18  samples  of  the  Tiers   common  needs,   found   that  many  of 
than  draw  from  the  soil  large  amounts  of  nitrogen.     These 
results  were  substantiated   later  by  the  work  of  Sachs   (79) 
in  Arkansas.     Gall  and  ieweli    (17)  state  that  weed  growth 
and  not   lack  of  tillage  was  responsible  for   the   low  nitrate 
content   of  the  soil  on  vrhlch  weeds  were  allowed  to  prow 
and   conclude  that    the  advantage  of  tillage  In  controlling 
weeds  la  not  emphasised   sufficiently.     Klesselbach   (46) 
reports  that   the  efficiency  of  weed  control  through  a 
"suitable  combination  of  tillage  operative  has  an  important 
bearing  upon  avail  ble  nitrates  and  moisture". 

It   ae- -as  rather   obvious  that  tillage  operations   ir  the 
preparation  of  the  seed  bed  for  wheat   can  hove  rather  mark- 
ed influence  upon  the  accumulation  of  available  nitrogen  in 
the  soil  and   consequently  upon  the   protein  content   of  the 
grain. 

Affect  Of  Crop   .Sequence.      In  1914,   Ladd  and  Stockhaa 
(54)   Btate  that  in  Worth  Bakota  the  composition  of  wheat  la 
affeoted  by  rotation  of  crops,   the   protein  content  being 
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higher  after  clover  than  after  a  cultivated  crop  and  least 
where  wheat   followo  small  grain.      In  1924,   Swaneon  (110) 
puhlishea   data  showing   that  while  wheat  in  rotation  with 
alfalfa   produced  better  yields  than  was  obtained   from  the 
land  cropped  continuously  to  wheat,   the  nrotein*  content 
remained   unchanged. 

Mangels   (63)   in  making  a  protein  survey  of  the  1925 
wheat  crop  of  Horth  Dakota,  grouped   the  analyses  according 
to   the  crop  which  preceded   ..heat,     wheat  preceded  by  either 
aweet   clover  or  bare  fallow  were  identical  in  protein  con- 
tent but  materially  hi   her  than  where  wheat  was  preceded  by 
uheat.      ./heat  following   corn  wae  intermediate  in  protein  con- 
tent, ranking  between  whrat  after  wheat  and  wheat  after 
fallow.      Sewell  and   tfwaneon   (87)   reported   that  while  certain 
rotati  ns  increased  the  yields  and   total  protein  per  acre, 
the  percentage   of  protein     p.a  unchanged.      In  1928,  Oall  (19) 
In  his  Annual    leport   of  the  Kansas  3tation  compared  wheat 
after  alfalfa  with  wheat   following  wheat.     The  beneficial 
effects  of  cropping  to  alfalfa  resulted   in  both  higher  yields 
and  an  Increased  percentage  of  protein. 

Influence  of  Green  Manures.    In   1912,    Brown  (13)   report- 
ed  that  rreen  -nnnnring  did  not  always  Increase  the  nn.-iber  of 
bacteria   in  the  soil  or   the  ammonifying,  nitrifying  or 
nitrogen  fixing  power  of  the   soil.     This  would  infer  that 
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the    protein  content   of  wheat  follo»7lng  a  green  manure  crop 
•il  ht  not   always  be  Increased,     ilook  (135)    In  sum  arizing 
10  year's  work  under  dry   land  conditions  at   Soottsbluff. 
Hebraaka,   found  that  the  green  menu -e  a  depressed  the  yiolds 
below  those  from  hare  fallow,  and   from  this  concluded   that 
molsure  was  of  greater  Importance  than  eoll  fertility  In 
determining  crop  yields.     V.hltlng   erd   aicbmond   (123)   of 
Illinois,   found  that    Tore  active   orgaric  matter  was  turned 
under  b.    I   rinr    plowing   of  sweet  cIotot  used  as  a  green 
manure  than  by  fall  plowing.     Lyon  and   Wilson    (62)   working 
at     omell  University  found  rye   more  effective   than  peas 
In  the  accumulation  of  nitrates  during  the  fallow  Dorlod 
after  turning  under  the  green  manure, and   conclude  that  not  . 
all  leguminous  crops  are   aore  effective  than  non-legumes  in 
producing  a  high  nitrate  I  Ltrogen  content  during  the  main 
part  of  ths  growing  season. 

Time,  of  Planting.   Blanohard   (9)   apoears  to  be   one  of 
the  first   investigators  In  America  to  note  the  effect  of 
time   of  planting  upon  the   protein  content  of  wheat.     Two 
varieties  each   sown  early  and  late  showed  that  the  yields 
cere  Tiaterially  reduced  but  the   percentage  of  protein  In   the 
grain  materially  inoreased.      In  each  ease  lute  planting 
shortened   the   fruiting    Tjrlod  by  5  days.      In   1913,   Thatcher 
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(117)   reported   the  results  of  four  year's  work  In  which   fall 
seeding   of  certain  rari.et.les  was  compared  with  spring   seed- 
ing    f  the   sans  varieties.      Over   the  4  years,   twelve  varie- 
tl   a  aere   so  compared,   the   fall  oe- dirge  averaging  14.29  per 
cent  while  spring  sowings  averaged  16.12  per  cent.      Olson 
(75)   In   1923  reports  similar  results  with  Hybrid  120  sown 
both   In  thr   fall  and   In  the  spring*     ilieeeelbech   (45)   re- 
ports on  3  years  of  date-of-seedlng  experiments  with   two 
varieties  of  winter  -.-.+ eat  nnd   5  year's  work  with  one  variety, 
Nebraska  CO.    In  each   case  the  protein   content   Increased  as 
the  dates  of  seeding  beenme   later,  also  the  yields  decreased 
mate-lally  as  did  also  the   '/eight   per  bushel.      Klssr-slbaeh'8 
work  would  Indicate  that  tine  of  planting   should  be  governed 
more   by  test  weight  asd  yield  than  b.    the     roteln  content, 
f'lorell   (23)   working   in  California  using  4  dates  of  planting 
instead   of  two  confirmed  the  results  obtained   by  Blanch  sir d. 
The  nrotein  contmt  :me  iner.  ased  rather  aharnly  as  the 
dates  of  planting  became  later,   but  there  was  an  even  greater 
decrease   in  yield.     Obviously  wheat   should   be  planted  at  the 
time  when  in  average  seasons  the  largest  yields  of  normally 
matured  grain  will  be  produced. 

Effect  Of  weathering  After  Maturity.   .. ith  the   more  gen- 
eral u;:e  of  the  combined  harvestor-thresher   In  the  hard  red 
a  ring  wheat  district   the  question  arises  as  to  the  effect 


of  ...therm,  .ft.,  graln  ta.  rMchea  mat„rlt7  nn<m  the  w_ 
entag.  of  oroteln.      lb,   ,ork  don.  by  Benton  et  .1   (8)   and 
•'hlteomb  and  Johneon  (121)  .how.  rathe,  d.finit.ly  th.t  ax- 
poaur.  In  the  field  either   on  the  .tending  plant.   or  ln  th# 
.hock  af:or  th.  grate  ha.  b.eom.   "d.ad  rip."  do.,  rot 
-t.rl.Uy  change  th.  pereantag.  of  prot.in.     How.T.r.   long 
period,  of  expom.r.  particularly  daring  .tormy  ...th.,  r- 
wit.  in  material  d.er.aw.  in  the  «.ipht  per  buah.l. 

£l»oaS£.      In  th.  hard  red   ■  ring  .h..t  di.trlct.   ru.t 
1«  on.  of  th.  M|  .ffl-ioa,  di..a8e.  att.ektng   the  crop. 
Shntt   (93)  .orking   in  Canada  found   that  ru.t  arr.at.d  th. 
deT.lop»ent   of  the  wheat  plant   and  eaaa.d  prematura  ripen- 
ing,  ".hi oh  a.  «.  har.  ...n.  TOm,  .  .t,..  i„  .hloh  .till 
,«wte.  the  .laborat.d   food,  and   .  Fraln  aa.ll,   !»«.*„., 
rich   in  protein  and  deficient   in  ot,reh".  Harper  (28)  re- 
port.d   that  th.  .rerag.  Pe,cntag.  of  protein  in  "ru.t.d 
and  fro.t.d»  gr.in  in  Mnne.ota  ...  mm   th.n  2  per  cent 
«,.at.r  than  that  of  wheat  d.Tel.ped  „,  really.      Snyd.r 
(97)   al.o  of  »«,„otB,    found   th.  nrotein  content  of  "ru.ty 
•he.t   pi**."  to  .,.,.«.  16.37   ner  cent  v,hile   that  of  plant. 
f,e.  from  ru.t  ...  13.34  per  cent. 

On  th.  other  hand.   Itangel.   (63)  worked  with  eight 
T«leti.,  dirlded   into   t.o  groups,   on.   .u.c.ptihl.  to  ru.t 
«*  th.  other  1...  .u.ceptible   over  a   n.riod   of  four  ye.r.. 
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He  found   one  group  with  an  average  rust   Infection  of  81  per 
cent   to  nvera   e  12.98^>  protein  while  the   other  with  an  are- 
rage   infection  of  only  48  per  cent  contained  14.35   p  r  cent 
of  protein.      In  maxinp   the  separation  of  varieties  into  two 
groups  Uanpels   introduced  seTeral  variables  which  ralpht  hare 
Influenced  the  results   obtained.      It  is  poselblo  that  the 
less  susceptible  rarleties  nere   somewhat  earlier  In  inatur- 
lng,  which  fact  alone    ilfht   account  for  a  higher  protein 
content. 

nanmi 

Purpose  Of  The  study 

Since  1923,   ths  Agronomy  Department   of  the  Montana  3x- 
perlnent  Station  has  collected  considerable  infomatlon  re- 
latlTo  to  the  protein   content  of  wheat.      It  la  the  purpose 
of  this  paper  to   summarize  the  information  which  has  been  ob- 
tained ana   thus  make  It  aye  liable  in  answering   certain 
questions  that  are  continually  being  raise*  by  the  wheat 
growers  and   prnln   dealers  of  this   State.     This   paner  deals 
with   only  aeren  fj.c'ore  which  are  sup  oned   to  exert  nore  or 
less  influence  on  the   orotetn  content   of  hard  red  soring 
wheat,  namely,    (a)   environment   or   locality;    (b)   season. 
Including  rainfall  and   temnerature;    (c)    tillage  methods;    (d) 


manuring  practices;  (e)  fallow  va  disked  corn  land;  (f) 
clf.sc  of  wheat;  and  (?)  rarlety.   In  most  cases,  the  length 
of  time  daring  which  the  Investigation  has  been  In  progress 
Is  Tot  sufficient  to  Justify  definite  conclusions.  However, 
the  results  now  aval  1;  ble  hare  been  sumiarlzcd  in  an  effort 
to  rovlde  an  explanation  for  some  of  the  variations  that 
have  been  ebuerved  In  the  protein  cont<  nt  of  Montana-grown 
spring  wheat* 

Method  of  Procedure 

All  of  the  data  reported  In  this  paper  have  been  ob- 
tained In  connection  with  definite  projects  of  Investi- 
gation of  the  Agronomy  Department  of  the  Montana  Agricultur- 
al Experiment  station. 

A  part  of  the  data  dealing  v. lth  the  Influence  of  en- 
vironment and  sensor  ./ere  obtained  by  the  survey  method, 
through  the  kind  co  neratlon  of  State,  federal  and  nrlvate 
protein  testing  laboratories. 

In  certain  cases,  the  investigational  work  covered 
by  an  active  project  was  enlarged  to  supply  additional  In- 
formation which  was  desired.   In  other  Instances,  new  pro- 
jects uere  outlined  In  order  that  the  Information  cone  rn- 
Ing  the  Influence  of  certain  factors  on  protein  content 
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of  wheat  mirht  be  made  more  ceraplete# 

The  tillage  and  rotation  experiments  of  the  Office  of 
Dry  land  Agriculture,   United  3t.  tea  Department   of  Agri- 
culture,  on  the  Branch  Stations  at  Havre,   Moccauln  and 
Huntley,  Montana  hare  furnished  an  important  oart  of  the 
data  used  herein, 

1B3ULT3  AHD  DI3CU33I0I 

Influence  Of  Lnvironment   Or   Locality 
On  The  Protein  Content 

LeOlerc  (58)  has  defined  environment  as  including  all 
factors  of  any  locality  which  might   tend  to  influence  the 
growth  of  plants,  referring  specifically  to  climatic  con- 
ditions, the  soil,   methods  of  seed  bed  preparation  and 
fertilizing,    crop  sequence,   time   and  rate  of  se  ding,  and 
time   of  harvesting.      It  is  obvious  that   environment  involves 
several  more  or  less  closely  related  factors,  any  one  of 
which  is  capable  of  exerting  considerable  influence  upon  the 
yield  of  the  wheat   crop  of  any  season,   hence  it  seems  reason- 
able to  expect   that   the  combined  effect  of  the  factors  con- 
stituting envlronraont  might  also  influence  quality  as  ex- 
pressed by  the   percentage  of  protein  in  the  grain. 

It  has  been  known  for  many  ;;ears  that  environmental 
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factors  are  capable  of  causing   marked  variations  In  the 
eoBoosltion  of   ..heat.     The  effeots  of  environment  hare  been 
noted   In  crops   of    heat    from  different  states,   from  different 
counties  within  any  one  state,   from  different   farms  within 
any  one  county,   from  dif  erent   fields   on  any  one  form,   and 
in  fact  from  different   parts  of  any  one   field. 

Jeveral  prominent   American  investlpatO'-s,   Including 
Wiley  (127),    0  rleton  (20),   Thatcher   (116),   Ladd(52),   and 
Bailey  (5)  hare  called  attention  to  the  extent   to  which  the 
protein  content   of  wheat  varies  with   the  environment.      It 
has  been  a  common  practice  among  the  leading  millinf   com- 
panies  to    "map"   the  wheat  nroduclng  sections  of  the  United 
States,  as  a  guide  to  their  buyers  in  making   purchases  of 
wheat   contal   ing  the   amount  and  quality  of  pluten  aesired. 
It   is  com-.on  knowledge  amonp  both  elevator  men  and  wheat 
growers  in  Montana  that  the  method   of  tillage  greatly  in- 
fluences the  protein  cortent   of  the  crop,   a  fact  which   is 
bringing  abiut    Improvement   in  both   the     ro:iuction  and 
marketing  methods. 

The  data  obtained   in  th   e    study  treat   the  subject  of 
environment   in  relation  to   the   protein  content  of  wheat 
from  three   points   of  view,   namely;    (a)   variation  in  protein 

nt   between  Jtates;    (b)   variation  in  n-otein  content 
between  countl   ■  in  Montana,   and   (e)   variation  in  protein 


content  between  different  fields  on  the  aam©  farm. 

Variation  In  The  Protein  Content   Of  Marquis  wheat  Grown 
In  Different  States.       Jstoo  1922  to  1925,    Inclusive,   the 
Montana  Grain  Inspection  Laboratory  cooperated  v/ith  the 
Agronomy  Department  of  ten  different  states  in  an  experiment 
to  determine  the  influence  of  environment  on  the  milling 
and  baking  quality  of  Marq  is  wheat     roduced  each  year  from 
Montana-grown  seed.      Seed  for  all  plantings  was  taken   from 
a  uniform  lot   of  Train  grown  near  Bozeman.     The  protein  con- 
tent of  the  seed  furnished  was  determined  as  was  also  that 
of  the  crop  produced,   a  sample   of  which  v.as  sent   to  the 
laboratory  after  harvest  by  each  cooperating  state. 

Table   IV  shows  the     rotein  content   cf  Marquis  wheat 
produced  at   the  agricultural  experiment  itatlon  of  ten 
different  states,  during  1922  to  1925,    inclusive,   from  se^d 
grown  at  Bozeman  during  the  previous  year.      In  1922,   seed 
which  contained  15.23   per  cent  protein  produced  crops  rang- 
ing from  15.60   per  cent  when  frown  at  Moro,   Oregon  to  11.66 
per  cent    -rotein  when  produced  at  Madison,    iisconsln.      In 
1923,  with  seed  testing  13.16  per  cent  protein,    the  wheat 
having   the  maximum  test,    -  15.92  per  cent,  came  from  High- 
more,    South  Dakota,  while  that  with  the  raini-nua,   10.85 
per  cent  was  raised  at   3t.   Paul,  Minnesota.  The  results  for 
1924   show  that  cro  m  v/ere  harvested  at  Pullman,   hashing ton 
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and  Moro,   Oregon  contain' ng  10.07  and  10.18  per  cent  pro- 
tein respectively,    frora  seed  which  contained  15.85   per  cent 
protein.      In  1925,   seed  testing  11.90  per  cent  protein  re- 
turned crops  ah  owing  a  variation  frora  17.40  per  cent   pro- 
tein at  Moccasin,  Montana  to  10.94  per  cent  protein  at 
Lafayette,    Indiana. 

Daring  the  three  years,    1923  to  1925,   inclusive,   the 
average  protein  content  of  the  wheat  grown  in  the   ten  states 
varied  from  10.72  per  cent   at  Pullman,   Jasbington  to  15.79 
per  cent  at  Moccasin,   Mmtana,  a  range  of  slightly  over   five 
per  cent   due  to  the  Influence   of  environment. 

Variation   In.  The  Protein  Content  fif  Hard  Hed  Spring 
Wheat  Produced   In  Different   Oountiea  Of  Montana*  During  the 
seven  yoars,    1923  to  1929,   inclusive,   data  were  assembled 
to  show  the  average  protein  content   of  the  hard  red   soring 
wheat  grown  in  the  various  countl  s   of  Montana.     These  data 
are    ^resented   in  graphic   form  In  ^ifuree  3  to  9.    In  these 
■taps,   the  right-hand   figure  within  the  county  Indicates 
the  average  protein  content   of  the  wheat  grown  dnring  the 
year  in  question,  while  the   left-hand  figure  is  the  number 
of  analyses  on  which  the  average  is  based.     It  will  be  ob« 
served  that   the  counties  ore  shown  in  colors,   as   follows: 

Green  -  -  counties  with  10.00  to  10.99   '>er  cent    protein. 

Pink  -  -         "  "       11.00     to  11. 99    ' 


-    i.                     T«       o     ">       1     ".                                     +»o 

63 

O  5         Is  V*  H  ;             Ic3<dj3 

1*          -\         I         "     la 

TjV>J«     T  oE<            1  •»*" 

1   °      i       <       H  *      ^ 

•X-^  V         r"*n "-_       1           o                             ^£  to  na 

*    -      A     \ 

1       .r1  <3 

K 

QJ  W     C3 

c 

~<  n3  1TJ  "• 

1  »— - — 1    ^                ?           '' 

<      ^       r  \     r 

.      ° 

^  C  a  v 
a,  a  c,  a 

J°    ,'      i     " 

e 

eo  ja  w  o 

1     c    t»» 

o 

13  +»  4-»  l-i 

V     o 

^   in         ~L       I  -L-' 

o 

CD  <H  £1    a 

fc  o  o  a 

hi            < 

»—                                            £   L 

"O^-    CO 

"kJ                                                   J               --— 

b        (DO 

a          /Lr* 

O                     1                                        ^^\  1 

«9  tO     CO    03 

-     .  *             X 

a 

L                                    -      ^ 

tO  CJ    >>  0) 

*     /    ^% 

0>  i-l  X 

l:    ° 

"H  i-I    a  Eh 

■H  -aj  <H 

1       5    J 

q     n 

2b  «n  r « 

+"  o       o 

i 1  L 

o     » 

s\y  J  0 

C        Vl 

o         T  ^- 

< 

t:  {H 

O    O.   O    B 

*->  o       cki 

*       ^  \ 

S  »■>  u  a 

j        ^    s 

- 1             t\*»_    - 

O  O    0)  u 

k  <1 

rf*"      L       ;std 

o      ^  o 

t         -     7 

■i      m     li    J 

9 

0 

V 

C        3  <! 

•h  co  a 

o  q         CD 

■h  (0  o)  j: 

O  +J   4-"   JJ 

f<  B  C 

rH   o    c    CJ 

/:  Lr 

£  To 
■•    ■•   n 

5  2__^™ 

o     4    j            I 

■  '< 

C  J  ■ '               . 

"\           I- ~"~ ~ 1 

*.       J_ 

h     * 

1 J   /    r^ 

>-\    ^J ^?i   o  3 

s    /  V    1- 

^-hS 

1    V-'u        1     »    • 

\     n        7      1    f          T 

\  \  K_n 

••  H  C  j= 

B  'II  =•  N 

i     X    .    J? 

fi   3   3    1 

1      i       T        J 

*          L                    5 

O    O  *J 

I     ■ -~~  y,-ii   *      ) 

j     fr-y 

c            S. 

to            tu 

i    '           ^i  w      q 

I        — v^    ■* 

•H    >>  H  rl 

IS                    °                       1                       T, 

fa  CQ  t1  r  ■ 

a       "? 
^---j    ^ 

r             o 

fc 

r      ' — M- 

r   jX        X-o-"- ■^^itf1    fl                             ^I^rf 

o  i ■  o  r 

-    3     /j    ° 

/     -          o 

/J     S                   >-                  1  <                    i-"-1 

°  1  ° 

|     a. 

1*    ? 

*           ^"1  3 

(-     T- 

"           I              \-df°i     S.      1"                          I 

-                         1     ' 

<             1  > 

/            L 1          ,   o  I  Si      £      >*"       *                        I 

1  °           f^f 

9         Jy            hi        f     k                             ^_^f 

L^         °         ^            T*           b 

LrrT.0    /K^-^-jv,  -***»^ 

1                   K            ,      0          1     ^    1] 

1     ^-J2^/     1 1                     X. 

I                < 

1     z 

/vritr    «*-^                            < 

1    °                             /« 

'r  a  j^                                  •" 

1  :        °  ^^J^ 

j  lr                              * 

i>/                                o 

■M 

64 

n  «  1     t>  <v 

□    IV 

out) 

fi     i 

£  a  x 

1     -  c    *                     i  I     ^ 

M 

Oj)<H    T3 

i  "    nl  i    ■*   i*  t 

•h  ti  a  — 

r^l :  *  i~~,-c 

P  \       r                           1   -       c 
J      o                 — 1      6       l«                            It 

„      ■           ,  I          sr- VJ 

■ 

c  a  o  © 

1  " «  '"t  i  2   J   5   « 

^ — n  -  **-  -^             i  * 

CO  .C    IB    00 

1  ;°r^     °   *   i  , 

°       1     -  C5 

~^        \t                                                1     W 

1  f  >1 

*     >"■»  1  *       ^     V  o 

I     <    ^ 

*Ko f"     ^~N              1    ? 

■a  +J  t»>rH 

1  <    ^  L— w-i- 

1    "•  x 

u         1                X      1    ' 

«  «  a  a 
•a  —  «< 

Lr^         r 

_ — ■ 

- — 1 — 1 

in           a 

Wt,        ftj^" 

O                       tl 

a  t<  'h  a 

3     -                   %3                        W^ 

o 

o                 9                    f  M 

tdoi  o  o 

v     ■> 

.     O        J3 

11,    ^  y 

1    - 

°                  1                 I^J 

">-<  r-i    U  gn 

i  •>     if 

h  -    ° 

,J                     /       f           f 

o       a 

l  >     HoH 

B  u 

«      «JS        »* 

♦H  *  <H 

*           SJ 

<     r 

1     »v            I 

+•  o  e  o 

ITTv 

/ 

< 

a      3 

a  d.e;  « 

+>    O          60 

t^1^     •vT  u 

c  ^<  a  o 

^^-""^"^1            «\\.  " 

O  O  £    ^. 

-       -;         H 

»v 

o       +j  a 

1         i           ' 

/ — 1     °<3 

-1              T 

i            V 
•J 

teln 
ana  - 

he  At 

O  +J    03  4J 

*           / 

^/    3                *— ' 

«t                         mm* 

"      ^»              A 

2 

jj  c  a 

/         ^      I* 

D                  ^ 

O 

^  o  Jj  a 

«     /    "5 

1       *     ^ 

a       as 

Ci  C  W    00 

;       asT-    S 

a  •h      w 

o  o  •#-» 

t>  a  C  t3 

<   «H    3    g 

p  o  a 

••   fl  O  £ 
Vi   D          1 

—           )»^_ti    -7 

«•                         o 

^ 

1  _      "1 

T-a-aL 

-   A 

2 

< 

/ 

h.                                          1  Q             \<a 

l_      ^J ^5    a^ 

Li, 

i        ^ 

o      X 

:     ? 

o  a  +» 

•  O  J=  J3 

T 4^ 

: 

^ 

00       -lJ    0J 

Tl     h            T-t 

:  \^  L 

1"      X* 

o 

t 

r                 **^ 

P     ^.  o 

'•ft*                     t— 

Jflh 

^1 1 

o 

°    1    s 

I  |  0.     > 

■  * 

*     c^> 

K 

W      NO 

<S 

* 

J      o 

1   o    N         —. 

ft.         •/  "           lo         I      2 

^S  f~J 

J — fN    oL-\>f 

■ — 1                T         L  *                    I      £ 

\~S        ?     «\            l-^V 

"L^~-lo   /KrvA  j 

t      -S              .'-JrtB 

la-y     f     i«i    <j     1  z                   \J^ 

I                   X      1-5       „     *|^ 

^    .»'    lo/    h                   ^ 

t~       ^        O          IT 

V^jyJfr    u-         \ 

>    < 

z 

1       2                                        t   m [ 

•< 

f  •            "S3 

1      u                                             /Q 

1  /t       ^^^ 

5- 

I  :         °  ^**¥ 

■ — ^^  1    ?  ^^ 

Z 

O 

r 

1  +»  ■  • 

65 

l                       /'     t         l\y    ^s—J^^H     a        « 

\    as  U  ft 

1  °    ■*"              1  <     J?   rJ       V-      rlSif    SI        ° 

1  11V 

1  fil  w 

,?. 

R  13        "— 

1;    ;   J — T*     °     S  r— '  ^ 

c 

•h  tj   en   ro 

1  -     "      a  >  *              1  ^  t 

^f7  u*                                 */ 

3 

K    «    « 
D. Si    03    03 
CO     1     >>   >> 

1    <  "M*  "l  ■         ~ki      1  **                                     J 

°      1          V 

a 

♦»  r-l   r-l 
ai  m    □    c 

*t" f  E                        f 

l'      ~^v 

~~\    Ih  a  <  < 

1  -        ^          /Cj-*- 

0           f 

1       it)         "H    » 

1  -       >            ^^\      ° 

'  *      ?             J^^ 

1  J        *        J?           \ 

"  "     '      -j^H 

BJm  ~.  ^  jc 

«    'a  r        i  -  ° 

"  +    nrt— '^^BB 

■J        r-l    O  E-l 

I  *       **    /                  I  fc 

';rf       d      9f 

(rm__*a^^    L__                            /    * 

°     ~~     1      <   '               1     o             BBh4 

1:          O    P   O 

BBhjB^               /    < 

BJtt     ^ 

0     -3 

^irll    fc 

■  CO    ID    '. 

».. 

H-m  una 

BB  "^BH                               R*  ^*— v— —i**—""*"* 

v^  °  1 1 

IRU  Eh    t 

•^     i                   * 

Br"^*-^ 

5  ~i 

:\    1 

H-S  goo 

1    -                                    Li       '    * 

«+'« 

■'      i    \ 

Ho  a  ra  X 

i   i             Mb  r^K       HT  3         ' — ' 

s  a   j_ 

in 

H-M  4->    O  -P 

I                           f 

3     ^■~*' 

___*■ 

■  rl°   C   (h 

*~ Sw 

■*     s        ^^H 

B  3^  B  o  f< 

\           3 

5  j 
gg     o 

!    1     r^ 

Hi  rtp"-  B 

.!-,• "           ) 

In      :  /     jf ™ 

■M  ~'M    ^^ 

^^^^^^^i    *.    *>             I ° 

■^Bl  3!         -IJ  '  • 

f          _l            \            <n   J  i           » 

iZv 

11        1 

1  ©   ©   rj  ita 
t>  -H    o    C 

, 

1                           H 

J 

t*;T 

1  H 

lO    0    ©     I 

O  ,fi  +J 

•  O  C-«  X! 

* 

'i          T..         «l 

n       fit          J 

».             V 

V^/ 

M 

-J  >»fl  w 

r^  co  i-i  r- 

3          ? 

t        SO     "J 

-  c     H~ i 

i     k      -» 

1  Vfi 

« 

v 

¥  ^    *  i-^-^t. 

"™|W 

aJB8—— 

—  <          \  -x          L^l rT5        "^        \.    ^ 

°               JKU 

J 

Hi  r~ 

FV-T    y 

it,    •             j^X-,       •      J  J 

^    1     fcr 1        .  o  I  si     «     >— ' 

o 

| 

-of?  !f0'  /° 

HP?                         ^soXY< 

_y~i^                                   r> /:    -      .      h          C      J 

/                      — —  -■■  '     vi  B'-BbV  ^  £ 

i •■>**             • — 1         j     TBf^B    V^  i 

*-         s^                           /H4       X 

W    °    ta           'L-n.o     'vJ-0--~-j\,  -*-»• 

"        n        ■!$^3fbV          ,„lw     4    3=                          V^ 

1      T_  «T>3FSS."1-  l5'J«)  v    31  <                       x. 

1            •-      ('  o          1    o    ,  *«rf-/-^     .  1  1         o                    » 

< 

\  |                                        Wig^L)       "^^          ^vxr  ^^^^^ 

Z 

1                   I     ._ JH  "^H  **fo          r 

< 

i  °              ^MsBy^  ^^ 

1- 

\  I     °  -rdy^ilj 

X 

o 

X 

f    -.     m — r"*^             "   1           v        |    * 

1 

t         II'1        ii '         M             "~ll     °<-      J    - 
1  z     ™               fc  ^        ^-L* .•"■v.  =*  I  J        i    r    oc 

a  me. 
II 

if  3 

1  B« 

67 

r 

O 

- 

a                « 

6: 
O 

c 

3" 

j  •: 

is-  e  6  • 

i  Li! 

<1                   ~\.       ° 

d  \a        V, 

— ^u_3  _ 

1    E  XI    u: 

J         -           y             \      J 

N9                / 

^o5a 

*      i     1               \"     M 

\ 

0     •* 

'  "  /          a:    t- 

•>  i  hil,  .  ?  r « 

■<b 

, J                      MtiM 

O     *>■       1       <\        tO      1      a 

>~t 

1 

•.                                                V 

f     <.            -V 

t  *    *>?r  « 

-  .  _.-  " 

_kr\:° 

-           <i      a          >«-w— — J'' 

—  k    :Si« 

C- 

- — I J        «l             ) ^-t-Ja 

r —       i          / o 

-•  *•    i  *■  ti>  — 
i  *     1  *  x 

■\    v; 

3/3         V   »  ^ 

*~r  1 

z 
0 

10 

-    ?  s        k  r  5 

8*        O   < 

St/ 

1?  »J 

Lr*J*^                         1       **     4L          ° 

j          f 

<             /r<       \       Jk       In 

(■ 

a          ** 

I  {      S.      Vr1?     ^ 

\*       ? 

- 

**  0  5  s* 

1          ^* 

r       T   c-               E      S       / 

e            N. 

0«4                 ^ 

" — V        ^ 

» <s     ' 

»'^-a^'            p^      g 

K         •      O 

2     « 

.^                   j    ^                   I     <     ?     r\ 

■c        J~'|      V> 

_  <    *W- 

"^                    «  K°-   U 

C      I'             I-ft^*"^"!      J 

o  »    j-^    r~~hi    \J     r*—<\  "*■  .— ^z'1 

>- 

•    i.    °J,    o   J  ,          11        >f— ' 

r     ° 

r 

1 

J   s    - 

Oo  i 

*<a 

_y 

' 

o    |    S 

»ri        Jan                   Ni.~]< 

|£  5 

>-7       J  "  "~>                J       V      ^       71  r 

-* 

* 

Z   m 

p^v-— ^  £  <^n         /      sis/ 

I /         O 

< 

1  •»    ~-       /Js                                         /  r  * 

1     I                               X          1                  3         /*,  <i                    i       s 

k    -    o        i  la       t— o-r      s  1        o                 > 

1         S  -"■         1       t**A  /si     v-lj.                      " 

^      < 

1   |                               1      __              /  Iw^^J           v^                   w^*»    ^^^^M 

z 

1  «              1     .  1   n    jr^        r 

< 

i                   S5 ■>'  f/<     ^^ 

J- 

1  :         °  ^^YilT 

X 

0 
s 

STATE  CCLLEG; 


libraries 

s 


Orange  -  counties     ith  12. oo  to  12.99  per  cent   nrotoin 

Black  '  '        13.00   to  13.99 

Tellow  "  "       14.00  to  14.99 

Blue  "  15.00  to  15.99 

Brown  "  "       16.00  to  1G.99   ■ 

These  maps  not   only  point  out  the  varlntlon  in  -.rotcln 
content  froT  season  to  season  hat  they  emphasise   the 
dif  erences  in   the   percentage  of  protein  in  the  wheat  from 
the  different   counties  within  any  one   year.     Tahle  V  shows 
the  minimum  and  -nnximum  county  averages,   and  also  the  state 
average   protein   content   for  each  year,    1923  to  1929,    in- 
clusive,     Jurlng   this   period  of  seven  years,    U*  counties 
v/ith  the   lowest  seasonal  av;    age  protein  content  were 
located   in  the  weatern  one-third   or  inter-mountain  region 
of  the  state  five  times,  while  in  two  ;enrs,    1924  and  1927, 
the  low  protein  county  sms  locuted  in   eastern  Montana. 

figure   10  which  has  been  pre :>■  red   on  the  basis  of  com- 
parable fire-year  averages  for  38  counties  points  out  rath* 
definitely  where  wheat  with  a  low  average  protein  content, 
one  year  with  another  Is  produced,     without  exception,   the 
low    -iroteln  wheat,    on   the   average   comes   from  counties  either 
in  or  adjacent   to  the  ^oeky  "puntains.   Of  the  elfht  counties 
in  which  the  hard  red   spring  wheat  ha*  averaged  less  than 
13.00  per  cent  protein  during   this  five-year  period,    orly 
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one  or  two  are  really  Important  wheat   producers.     Hnaael- 
ahall  wna   the   premier  high   protein  county  although   lta  ave- 
erage  exceeds  that   of  several  other  central  Montana  counties 
by  only  a  small    margin.     On  the  basis  of  the   acreage  and 
production  of  swing  wheat   In  Montana  In  1928,    the  30 
counties   In  Wileh    the  average  protein  content   exceeds  13.00 
per  cont,   account    'or  61,307,000  bushels  or  approximately 
95  per  cent   of  the  state's  total  production  of  that  crop. 
The  data  on  which  Figure  10  Is  based  are  presented   in  Table 
VI. 

frarla ti on  In  The  Fro teln  Content   9f  Spring  uheat  Grown 
Under   Dif  erent  Tillage  Methods  On  The  Same  ?«rm.   Dry  land 
tillage  experiments  vrith  spring  wheat  are  conducted  co- 
operatively b-    the  Montana  Agricultural  Kxperlment  Station 
and   the  United  States  Deportment  of  Agriculture   at  the 
northern  Montana  Branch   Station  In  Hill  county,   at   the 
Judith  Basin  Branch  Stetion  lr.  central  Montana,   and   at  the 
Huntley  Branch   Station   in  Yellowstone  county.     These  ex- 
periments afford  ar-   opportunity  to  compare  the  protein  con- 
tent   of  spring  wheat  grown  on  clean  fallow  with  that  frown 
on  land  cropped  to  wheat  every  year,   the  seed  bed  being 
pre  ;ti red  by  spring  plowing.  . 

The  data  presented  In  Table  VII  tend  to  sun  ort   the 
observations  of  many  M0ntana  wheat  growers  that  the  p-oteln 
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Table  711:     Protein  Content  of  Spring   Aheat   Grown  On 
Clean  Fallow  Compared  ,<lth  That   of   :nring    .heat 
Crown  on  Land   Continuously  Cropped   to  ..heat  hut 
-firing  Plowed,   at  the  Northern  Montana  Branch 
Jt'ition  at  Havre,    the   Judith  Baaln  Branch   station 
at  Moccasin  and   at   the  Huntley  Branch     tatlon  at 
Huntley. 


Hayre  :,loccaaln  'hint  ley 

Plot   and   Tillage 1925-1929  1935-29  1920-29 

JiC-CiD       Fallow                           15.75;o  15.98*  17.07,.i 

1K-A            ipring  Plowed           12.94,*  15.59^  15. 93,* 


protein  content   of  spring  wheat   from  two  flelde   on  the  same 
farm  raay  yary  as  much  as  two  per  cent,   the  advantage  going 
to  the  wheat  from  the  field  which  received  the   lost   thoro 
preparation  of   the  seed  bed* 

Considered   from  any   )ne  of  the  three  points  of  view, 
the  data  submitted   strongly  substantiate  the  general  state- 
ment  that  the  environment   or  the  locality  -nay  materially 
influence   the  protein  content  of  spring  wheat  in  any  one 
season.      It  la  also  apparent   that  on*  combination  of  en- 
vironmental fuetors  may     rod  nee  wheat  with  a  rather  low 
average   protein  content  over  a  period  of  years   .hlle  in 
another  locality  with  a  different   environment,  a  relative- 
ly high  average  protein  content  results.     However,   it   la 
possible  to  outline   or  designate  the  areas  of  high  and 
low  average  protein  content   only  in  a  very  pencral  way 
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'•cause  of  the  wide  seasonal  fine  to  at  ions. 

Influence  Of  The  Jeason  On  The  irotein  Content 

Through  the  kind  oooperatlon  of  various  agencies  It  has 
been  possible  to  obaln  Information  relative  to  the  point  of 
origin  and   protein  content   of  01,222  samoles  of  Montana  herd 
red  spring  T7heat  from  the  crops  of  1923   to  li>29,    inclusive. 
This  Information  has  afforded  an  excellent   opportunity  to 
study  the  Influence  of  the  season  on  the  oroteln  content   of 
wheat. 

The  data  for  eaeh  year  v.ere  assembled  by  Bhipplng  points 
and  oy  eountlea.     The  volume  of  the  Information  thus  ob- 
tained  is   too  great  to   be  included  as  a     art   of  this  paper, 
hence  a  summary  table  only  Is    :eed. 

Seasonal  Vnrlntl  .ins   In  x'roteln  Content  Of  Montana 
Jprlng   nheat.     During    the  seven  years,   1923  to  1929,   In- 
clusive,  Ilontana-grown  hard  red  spring  wheat  has  had  an  ave- 
rage protein  eontent  of  13.53   oer  cent,  the  annual  average 
varying  from  a  minimum  of  12.21  per  cent   In  1927  to  a  max- 
imum of  15.22   per  cent   In  1929,  a  range   of  3.01  per  cent. 
(3ee  Table  Till) 

Crop  Of  1923  And   Jeaeonol  Conditions.     The  1923  crop  of  hard 
red  eprlng  wheat  averaged  13.12  per  cent    • roteln,  based  on 
the  analyses  of  1,322  samples.     The  moisture  supply  during 
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April  and  Hay,  ah  lie  slightly  below  normal,   aea  quit*  fav- 
orable for  starting  the   crop.     However,   heavy  Jane  rains 
orer   practically  all  of  the   8tate  v;ere  extremely  beneficial 
and  conditions  were  fu-ther   improved  by  the   July  and  August 
precipitation  nhlch  was  above  normal.      July  was  tha  hottest 
month  of  that  name  In    iany  jenra,   with  a  mean   temperature 
of  69.2°  J?.,   3.5°  above  normal. 

..hlle  short  pelods   of  drought  and  hot  winds  during 
the  growing  season  In  the   eastern  fifth   of  the  state 
materially  reduced  yields  In  that   oectlon,   the  yield   for  the 
state  as  a  whole  averaged  14.0  bushels  per  acre,   v;lth  an 
average  test  weight   of  59.8  oounds  per  bushel.     There  Is 
nothing   particularly  striking  about   the   seasonal  conditions 
of  1923  In  relation  to   protein  content,   except  the  effects 
of  the  droufht  and  hot  winds  In   the  eastern  end  of  the   state. 
The  map  for   1923   (i'lgure  3)    shows  that    the  wheat   from  the 
eastern  Montana  counties  average  high   in     rotein  content. 
Prop  Of  1924  And   Seasonal  Conditions.   The  wheat  crop  har- 
vested  In  1924  averaged  13.55  per  cent   nroteln,  based   on 
the  analyses  of  2394  samples.      Broadly  speaking,    the  crop 
season  was  cool  and  dry.     From  April  1  to  August  31,   the 
precipitation  was  2.19   lnc'-es  below  normal  for  that  period 
and   tha  temperatures  ranged   from  0.8  degrees  above  normal 
In  : Jay  to  2.7  degrees  below  normal   In   June. 
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Halns  which  became  general  throufheut  the  Jtete  about 
the  close  of  June  ended  the  drourht.  The  cool  growing  sea- 
sob  and  the  absence  of  hot  winds  during  tho  fllllag  period 
resulted  in  good  yields,  tho  Jtate  average  for  spring  wheat 
being  1G.2  bushels  per  acre.  The  average  test  weight  per 
bushel  was  59*5  pounds. 

Crop  Of  1925  And  Seasonal  Conditions.  Analyses  of  9171 
samples  of  Montana-grown  hard  red  spring  wheat  of  the  1925 
crop  showed  an  average  rotoin  content  of  14.29  -or  cent. 
With  March  and  April  temperatures  sonewhat  higher  than 
normal  and  a  moderate  excess  of  precipitation,  the  crop 
started  under  favorable  conditions.  May  was  wacnally  arm 
and  rairs  for  thut  month  were  below  the  mean.  Rowever,  June 
was  about  a  normal  month,  and  ..ith  the  exception  cf  scattered 
localities,  the  prospects  for  a  good  crop  of  spring  wheat 
wore  quite  favorable.   July  opened  dry  and  warm,  and  by  the 
end  of  that  month,  grain  crops,  particularly  in  the  eastern 
districts  had  been  quite  badly  damaged.  The  dry  weather 
continued  through  the  first  half  of  August,  forcing  much 
grain  to  ripen  prematurely,  with  low  yields  of  light  weight 
grain,  ft*  the  State  as  a  whole,  spring  wheat  aferaged 
10.5  buehels  per  acre  with  an  average  test  weight  of  58.0 
pounds  ner  bushel. 
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Prop  Of  1926  And   Seasonal  Sonditlona.      In  1926,    10101 
samples   of  hard  red  spring  -..heat  avernped   13.91  per  eent 
protein.     Tha  average  yield  for  the  state  viae  12.3  bushels 
per  acre  and  the    test  weight  was  58.5  pounds  per  bnehel. 
The  montha  of  April  to  July,    inclusive,  were  characterised 
by  temperatures  a   ove   rormal  and  rairfall  helow  normal.   In 
much   of  the    -tate  east   of  the    ioeky  Mountains,    the  deficien- 
cy In  the  1926  precipitation  combined  with  a  light  winter 
reserve  of  soil  moisture.   Interfered   eeriously  with  crop 
prospects.      Jane  rains  came   in  time  to  be  of  considerable 
benefit  although  s  me   permanent  damage  to  the  yield  of 
spring  wheat  had  already  been  dona. 

Crop  Of  1927  And   Seasonal  Conditions.  The  season  of  1927 
produced  wheat  with  the   lowest  average  protein  content  re- 
corded during   the   eaven  year  period.     Analyses  of  15826 
samples  of  herd  red  soring  wheat  showed   an  average  of  12.21 
per  cent  of  protein  far  the   State  as  a  whole.     Reserve 
supplies  of  soil  moisture  from  the  rains  of  the  preceding 
fall  started   the    crop  under  what  were   probably  the  Tiost 
favorable  conditions  in  years.     May,   In  addition  to  being 
the  coldest  month   of  that  name   since  1899,   broke  all  re- 
cords for  rainfall,      ith  a  total  of  5.15   Inches  for  the 
month,   2.92   Inches  above  rormal.      however,   berin  ing  with 
early  June,    conditions  became  mire  favorable  and  crops 
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pogressed  rapidly.      .Jell  distributed  showers  and   the  ab- 
sence of  hot  winds  carried  the    crops  through  the  critical 

riod  in  July  without  Injury.     By  the   first   of  August,   most 
crops  of  soring  wheat  had  oyer  come  the  late  start. 

The  five-month  period,  April  to  August,  inclusive, 
closed  with  a   precipitation  of  3.22  inches  in  excesr.   of 
normal  considering  the  entire  State.     Temperatures   during 
this  time  ranged  from  0.1°  above  tonal  in  June  to  4.2     he- 
low  in  Itay.     The  combined  effects  of  an  abundance  of  molstu» 
and  temperatures  b~low  normal,   especial  y  in  July  and 
August  reeulted   in  unusually  good  yields  of  grain.     The  ave- 
erage  yield  of  spring  what  in  Montana  in  1927  was  20.6 
bushels   per  acre  and   tested  59.4     ounds  per  bushel. 
Crop  p_f  1928  And   Seasonal  Conditions.     The  see  son  of  1928 
was  dry  and  fairly  warm,   the   Stote-wlde  averages  of  pre- 
cipitation and  temnerature  belnc   13.06   inches  and  43.3°  Jf. 
respectively,     ./hlle  the  precipitation  for  February,  March 
and   April  was  below  normal  and  May  «-■  the  driest  month  of 
that  name  on  record  since  1895,  the  rains  during  June  were 
p.enerons  and  well  distributed,   followed  by  the  wettest   July 
since  1916.     August   rainfall  also  was  above  normal. 

The  weather  condlti  ns  daring   3rme,   July  and  August, 
including   temperatures  which  were  nractically  normal,   com- 
bined with  above  normal  rainfall   offest  the   early  spring 
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drought  with    the  result  that   snring  wheat   yields  averaged 
high,   19.0  bushels    -«r  acre  being   the  State  average.     The 
protein  content   averaged   1^.39  per  cent  baaed   on  31071 
analyses.     The  average  teat     elfht  was  59.7   pounds  per  ^  i 
bushel. 

Jrop  Of  1939  And   3eaeonal  Conditions.     The    season  of  1929 
goes  down   In  Montana's  cllmatolop Icul  record  os  cool  and 
dry,    the   itate-wlde   tomeratura  averaging  40.90  f#<   a  de- 
parture of  -1.4°  from  the  mean  and   precipitation  averaging 
13.08  inches,  2.36  Inches  below  normal.      A  mild  March 
followed   one  of  the  coldest  winters  recorded  since  the   be- 
ginning of  State-wide   records  in  1895.     April,   -lay  and   June 
were  unseasonably  cool,  with  precloltatlon  almost   two   inches 
below  the  average  for  thiit   period.      July  and  August  wers 
unusially  hot  and  dry,   with  the  result   that   the  small  grain 
yields  wers  materially  reduced. 

*'or     he   State  as  a  whole,    spring  wheat   avrnred  9.0 
bushels  per  acre  with  a   test  welpht   of  58.0  pounds  per 
bushel.     Analyses   of   11337  samolas  showed   an   average  protein 
content   of  15.22   ner  cent,   the  highest  State  average  yet 
recorded. 

ielat  ion  Of  Rainfall  To  The  Protein  Content  Of  ,;heat. 
Season  is  a  general  term  Involving  several  variable  factors. 
Important    among   uhleh   era  sunshine,   temnerature,   humidity. 
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rainfall  and  winds.      In  the  IiorthTn  Great  Plains  where  the 
evercge  annual  nreeloltatlon  varies  from  10  to  20   inches, 
moisture   frequently  is   the  limiting  factor  in  crop  prortuc'icr. 

A  review  of  the  literature  sug  eats   that  rainfall  and 
temperature,    particularly  during  the  growing  season  may 
cause  wide   fluctuations   in  the   protein   conUnt   of  wheat  from 
year  to  year.      Under   the   sub-humid  conditions  «f  the  Eorth- 
orn  Great  Plains,  where    from  50  to  60  per  cent  of  the  annual 
precipitation  is  received  during   the  months  of  April  to 
August   inclusive.    It  see-ns  entirely  possible  that  wide  de- 
partures of  either  moisture  or   temperature   from  the  means 
of  that     erlod  mlf  ht  have  a  marked  influence  on  the  protein 
content   of  the   soring  wheat   crop. 

Applied  To  The  3tate  As  A  ./hole.     Table   IX  elves  the  mean 
monthly  precipitation   for  u"ntana,    for   the  seven  years,    1923 
to  1929,    inclusive,    compiled   from  the   summaries  of  the 
United   3tates  Weather   Bureau.     The  degree   of  association  or 
correlation  between  the  rainfall  for  each  month   of  the  grow- 
ing season  and  the    iroteln  content  of  snrlng   ./beat   la 
measured  by  calculating  the  correlation   coefficient  accord- 
ing  to  o  formula  affered  by  Hayes  and   Gerber   (  'll. 

The  data  for  the   State  as  a  whole,   flven   In  Table  X 
show  a   significant   negative    correlation,   -.949  $.025, 
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Table  II:     Mean  Monthly  rteelpitation  for  Montana  l?roa 
1923  to   1929   .Jlth  Arerage.    Aleo  J?reclDitatton 
Totalled  by  x'eriode.   Annual:      nrll  to  Augnat  and 
July  and  August.    (Compiled   from  U.   3.   weather 
Bureau  Jummarlea). 
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192g      1924      l'j26      19?-6      1927      *a2B      1929      ATe* 

t  i    PO      n  68      1.07      0.59      0.88      0.98     0.91     0.90 

gsa  :|  :    fcS  o .»  S:tI  y.  a;  ftS 

£3  ':     i    fcS  t£  a  SS  ?:?;  fc» 

5g  S5  S3  £5  B  tS  :     :     : 

Unit  1.69      1.00     0.89     1.60     2.04     1.37     0.34     1.27 

St.,*.  JJJ     Of     2  38     2  44  9     0  34     1.35     1.47 

vtHT.r  I'M     IS     olJS     ?&     2.24     0.34     0.58     1.02 

n:,Ti,,f  0.96     1.09     0.93     0.79      1.14     0.73     1.22     0.98 

Annual  18.12  1:3.71  16. 34  13.79  20.63  13.06  13.08  15.53 

l£il  11.26  6.48  0.24  6.86  11.98  8.69  5.72  8.4ft 
June^'uly  6.33  3.85  4.14  3.26  3.59  5.74  2.73  4.23 
July-.Ug.  4.03      2.12      2.20      2.76      -.72      3.84     0.93      2.80 
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bctwoen  the   avernpe  protein  content  of  Montana-grown  hard 
red  snrlng  whoat   and   the  total  rainfall  for  the  months  of 
July  and  August,   baaed  on  the   eeTen-year  period,   1923   to 
1929,   Indus  Ire.   During  the  same   period,   there  was  a  signi- 
ficant negative  cor  elation,-. 797^.092,  between  the  protein 
content   and   the  total  rainfall    f"or  the   fire  months,   April  to 
August,   Inclusive*     There  tre  also  significant  negative 
corbel  lit  l  ns   between  the  protein  content  and   the  rainfall 
for  the  Individual  months   of  July  and  August.     Figure  11 
Illustrates  clearly  the  dlstlrct   tendency  for  the  protein 
content  of  spring  wheat   to  vary  Inversely  as  the  total  rain- 
fall  for  July  and  Aueuat. 

The  close  as  oclatlon  of  the  protein  content  with  the 
total  rainfall  during  the  growing  season  noted  above  agrees 
with  the  results  reported  by  Hailey   (5)   of  Minnesota  who 
found  that  "there   is  a  relationship  between  the  rairfall 
from  April  1  to  September  1  and   the  protein  content,   and 
ulth   the  findings  of  Stewart  and  Hirst    (106)   of  Utah  who  re- 
port that    there   is   "a  close   relation"  between  the  rainfall 
during  the  growing  season  and  the  protein  content   of  wheat* 
Applied  To  Individual  Counties.     Montana  lea  large  State, 
with  wide  variations  in  rainfall  both   In  the   total  amount 
and   In  the   distribution.      It  will  be  of  value,   therefore,   to 
examine  the   correlation  between  the  rainfall  and    the  protein 
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content  of  wheat  frown  in  Individual  conntloe  In  vnrloue 
part*  of  the  State*       tor  this  oarpoae  foitr  oountiea  \<*rm 
selected,  namely,   Gallon,   In  the  extreme  eaate  n  part  of 
Montane,   Ml  ipa  e  d  Hill,   In  the  northoertral  district, 
and  Teton,  Juet  aaat  of  the   Jocky  Hoantalns  In  the  western 
one-third  of  the  Jtate.     Countlee    w>ra  ahoeen  In  which  rain- 
fall and  tempera  tn  .-a  reoorda  wore  available  from  a  mora 
or  leaa  central  oolnt  and  In  which   the  aeaaonal  protein 
aTerajtea  were  base*  on  a  sufficient  nonbor  of  amlyaaa  to 
make  them  fairly  repreaentatlre  of  the  wheat  fron  the 
county   In    meat  ion. 

The  data  eh  wine  the  oor-elnt Ion  between  the  aeaaonal 
protein  content  and  the  monthly  rainfall  during   the  growing 
oeeaon  for  the  four  conntlce  ore  flren  In  Table  X.     A  atady 
of  theaa  data  brine  out  the  fact  that  oorrelatlona  which 
nay  apply  for  one  county  or  aet  of  environmental  eondltlona 
are  not  neeea  nrlly  applicable  to  another  part  of  the  3tate» 
In  Gallon  County  (average  animal  rainfall,  at  Plevna,   1983 
to  1989  -  13.*t  lnchea)   the  -noat  olmlf leant  oorrelatloB 
between  the  rainfall  for  any  en*  month  and   the  protein  con- 
tent la  that  for  July,   •.660  £.177.     There  le  al-aoet  no 
cor 'elation  between  the  Aapnet  rainfall  and    TOtetn  content, 
no  doubt  daa  largely  to  the  faet  that  in  this  county,  much 


" 


of  the  spring  wheat   is  harvested  before  Auf-ust   1.     In 
itoillips  county  (averse  annual   nr<  clnitatlon  at  Malta,    1923 
to  1929  -  15.25  inches)   where  the  wheat   crop  averages  some- 
.hat   later  in  maturity  than  in  Fallon  county,   the  rainfall 
for  both   July  and  August  appear  to  be  fairly  closely  re- 
lated  to   the  protein  content,   -.855^.068  and  -. 707*.  127  re- 
spectively.     In  Hill  county   (average  annual  precipitation 
at  Havre,   1923   to  1929  -  14.73  inches)    only  the   July  rain- 
fall appears  to  be  definitely  related  to  the   protein  cow- 
tent.      In  Teton  county  (avera   e  annual  precipitation  at 
Chouteau  -  IC'23   to  1929   -  13.45   Inches)   the  rainfall  during 
both   July  and  Aupust   appears   to  be  significant   in  relation 
to  the  protein  content   of  the  wheat  crop. 

In  each  of  the  four  counties,   there  Is  a   significant 
negative  correlation  between  the  rainfall  for  the  five 
months,   April  to  August,   inclusive,     and   the  protein  content, 
and   with  the  exception  of  Fallon  county,   the  same  is  true 
for  the  combined   rainfall  for  July  and     uguet.     These  data 
compare  favorably  with  thoce  for  the  State  as  a  whole  and 
aleo  agree  with  the  findings  of  Bailey  and   those   of  Stewart 
end  Hirst    o-eviously  n  ted. 

..pplled  To  An  Individual  /arm.   The  Montana  Agricultural 
Experiment   Station  cooperates  nlth  the  United   States  Depart- 
ment of  Agriculture  in  conducting  tillage  experiments  with 


wheat  under  dry  land  faming  e   nditione.     The  MC-C  and  D 
plots  -  alternate  wheat  and   fellow,   and   the  1KJ-A  plot   - 
continuous  wheat  on  spring  plowing  furnish  an  opportunity 
to  determine  whether  the  rainfall  during  any  particular 
month  or  group  of  months  aurlng  the  growing   season   is 
correlated  with  the  protein  content   of  durum  wheat  grown  on 
a  uniform  soil  hut  under  different   tillage  c   rditions   on 
one  farm.     Because  of  the  fact  that  the  product  of  hut  a 
single   plot  daring  a  period  of  only  fire  years  is  Involved 
in  each  ease,    the  results  are  likely  to  be  rather  Tariable 
qnd  perhaps  Jacking  somewhat   In  value.     However,   the  data 
are  of  interest  and  ore   orosented   in  Table  XX. 

It  will  be  observed  that  the    correlations  in  the    two 
eases  vary  considerably  which  suggests  the  possibility  that 
the  effectiveness  of  the  rainfall  during   the  various  months 
and  consequently  its  relation  to  the  protein  content  of 
wheat  may  be  influenced  materially  by  the   tillage  method. 

It  is  interesting  to  note  the  significant  negative 
correlation  between  the   July  rainfall  and   the  protein  con- 
tent of  the  wheat  grown  both   on  the    fellow  and   on  the  con- 
tinuously cropped  land.      In  both  oases  also,   there   is  a 
significant  negative  correlation  between  the  protein  con- 
tent and  the  combined  rainfall  for  July  and  August. 
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Relation  Of  Temperature  To  Protein  Content.  The  literature 
engfesta  that  temperature  probably  ranks  next  to  rainfall 
smeng  the  seasonal  factors  known  to  Influence  the  protein 
content  of  ■  cron  of  wheat. 

4hlle  the  temperatures  during  the  months  of  the  grow- 
ing season  In  the  northern  Great  i-lalns  arerage  lower  than 
those  of  the  southwest,  or  the  hard  winter  wheat  belt,  there 
Is  considerable  variation  above  or  below  the  mean,  result- 
ing occasionally  In  what  are  regarded  as  "hot"  or  "cold" 
seasons.  In  this  neper,  correlations  between  mean  monthly 
temperatures  and  protein  content  have  >een  calculated  In  the 
same  manner  as  for  preclnltatl  n.  However,  no  attcmnt  has 
been  made  to  study  the  effect  oi*  temperature  over  two  and 
five-month  oerlods. 

:  ollod  '±o   The  Jtate  As  A  ..hole.  Table  XII  presents  the 
mean  monthly  temperatures  for  lion  tana  for  the   cars  1923  to 
1929,  Inclusive,  as  compiled  frcn  the  Annual  umma-les  of 
the  neather  Bureau  of  the  United  Jtates  Department  of  Agri- 
culture. The  correlation  coefficient  together  with  the  pro- 
bable error  and  least  significant  difference  (three  times 
'he  probable  error)  between  the  mean  1;eraperatur<  for  each 
month  of  the  prowlng  season  and  the  average  irotetn  con- 
tent of  Montana  hard  red  e   ring  whoat  are  given  in  Table 
XIII.   Considering  the  Jtate  as  a  whole,  the  mean  tomperature 
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for  August  has  a  high   degree  of  asso elation  nlth  the  protein 
content   of  the  hard  red  spring  wheat,    the  correlation  co- 
efficient being  *.940  £.029.      jnly  follows  with  a  correlation 
coefficient  of  ».512  £.138.      Jinee  under  average,  conditions, 
much  of  the  8prlng  wheat  in  Montana  la  harvested  toy  August 
15  to  80,   these  data  suggest   the   Importance  of  tenneratnre 
In  relation  to  the   ^roteln  content  during  a  comparatively 
short  period  preceding  harvest,     figure  12  shows  that   except 
for  1924,    the  August   temperature  curve  has  followed  the 
p-otein  curve   rath   r  closely,     when  the   averafe  *emperature 
of  the  3tate  during  August,    or  the  period   inrradlately  pre- 
ceding harveot  has  been   above  the    lean,   the  protoln  content 
of  the  spring  wheat  crop  harvested  that   year  has  been  above 
average.     Conversely,  when  August  temperatures  have  been  toe- 
low  normal,    the  protein  content   of   the  wheat  crop  also  has 
been  below  average,  with  the  exception  of  1924.      In  general 
these  results  agree  with   the   findings   of  Mangels   (65)   who 
states  that  In  Borth  Dakota,   temoera tores  above  normal  In 
June  and    July  Increase  the   nrotein  content  of  the  wheat  crop. 

>.hilo  rainfall  and  temperatures  have  been  considered 
separately  in  this   paper,    it   must  not  be  condluded   that   these 
important   seasonal  factors  are  not  connected   or  inter-related. 
It   is  well  known  that  wet  seasons  often  are  cooler  than 
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normal,  aa  in  1927,  while  In  dry  seasons,  the  temperatures 
are  frequently  above  the  average  as  in  1929.   On  the  other 
hand,  it  nay  kappen  that  a  deficiency  of  rainfall  during 
the  growing  season,  particularly  while  the  grain  is  filling, 
may  he  accompanied  by  tem  eratures  lower  than  normal*   inch 
a  condition,  namely  a  dry  cool  growing  aeason  occurred  in 
1924,  in  vrtiich  instance,  the  deficiency  in  moisture  appeared 
to  lore  than  offset  the  tendency  of  the  low  temp eraturea  to 
depress  the  orotein  content*   In  other  words,  the  experience 
of  1924  would  indicate  that  rr     ■  is  :ore  important  than 
temperature  in  causing  variations  in  the  rote in  content  of 
wheat* 

Applied  To  Individual  Counties*  Four  countiea,  namely, 
Fallon,  rhiliipc.  Hill  end  Tetor      studied  and  the  data 
obtained  were  included  aa  a  part  of  Table  XIII.   *iith  the 
exception  of  Fallon  County,  the  *iost  significant  correletionE 
are  tho8«  between  the  protein  content  and  the  mean  tem- 
peraturea  for  July  and  August*  Fallon  County  is  in  the  ex- 
treme eastern  oart  of  Montana   I  re  the  bulk  of  the  soring 
wheat  is  harvested  *uring  July,  hence  it  la  not  surprising 
that  the  mean  temoerature  for  June  ia  more  significant  than 
that  of  Angus t. 

Applied  To  An  Individual  Farm*  Cor  elati  no  have  been 
calculated  between  the  mean  monthly  temperature  during  the 
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growing    seaacn  ana  the  protein  content  of  durum  wheat  grown 
In  the  MC-C  and  D  and  IfC-A  plots   in   the  dry  land   tillage 
experiments  at  the  Horthrn  Montana  Branch  Station,   tn«  are 
presented    In  Table  XIT. 

It  has  already  been   suggested  that  correlatione  based 
on  results  obtained  from  slnfle   plots  daring  a  short  period 
of  yeare  are  of  doubtful  value, yet   they  are  submitted  be- 
cause of  their  connection  with  the   nroblera  under  consider- 
ation.    The  correlations  between  -nean  monthly  tea  eratures 
and   protein  content   of  wheat  orodueed  under  the  two  tillage 
methods  do  Ml  agree  and   furthermore  appear  to  he  somewhat 
less  significant   than  thoBe   calculated  for  rainfall,   shown 
in  Table  XI.     Tha  temperature  correlations   suggest  that 
when  applied  to  an  individual  farm,   other  factors  rcay  tend 
t»  meek  or  offset  the  possible  effects  of  temperature  on 
the   protein  content   of  the  wh  cat   crop. 

Summary  Of  Rainfall  And  Tamp,  ratnre  As  Seasonal  factors 
Inflnencirg  The  Protein  Content   6f  .inrlng  wheat   In  Montana. 
During  the  seven  years,    1923  to  1929,   inclusive,   the  ave- 
rage protein  content   of  Montana-grown  hard  red  spring  wheat 
has  varied   from  a  ralnimun  of  12.21  per  cent   In   1927  to  a 
maximum  of  15.22   per  cent   In  1929,   a  range  of  3.01  per   cent 
that    nay  be  attributed   to  the  Influence  of  eeas mal  factors. 
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These  finding  a  agree   in  general  v.'lth   those  of  Laves  and 
Gilbert   (55),   HaliJcoT  (68),    -illiams   (131),    Snyder   (96), 
Jonea   snd  ColTer   (41),   Call,  Green  and   3wanson(18)   and   others 
in  pointing  to  the  fact   that  season  is    me  of  the    lajor 
factors  causing  Tariatione    In  the   protein  content   of  wheat. 

Of  the   two  seasonal  factors,    rainfall  is    lore  closely 
correlated  with  the  protein  content  of  a  crop  of  wheat   than 
ia   temper  a  tore,  bat   cither  rainfall  or  temperature  ia  cap- 
able of  causing  marhed  variations  or  fluctuations,   the  ex- 
tent  of  which  will  depend   in  a  large     ensure  upon  the  etage 
of  maturity  at  rhleh  the  croo  is  affected. 

3even  years  is  too  short  a   oe  iod    m  which  to  base  a 
positive  state-nent  regardinf   ths  correlation  of  the   protein 
content  of  the  wh  at   crop  and   the  character  of  the   season. 
However,   the  evidence  which   has  been  accumulated  during   this 
period   indicates   lhat   it   is  reasonable  to  expect  a  wheat 
crop  to  or  tain     ore  than  the  average   coreentage  of  protein 
when  hot, dry  leather  prevails  for  a  period  of  four  to  eight 
weeks  preceding  harvest,  and   conversely,  a  lower  than  normal 
protein  content  may  be  anticipated  rhen  the   precinitatlon 
during   this   pre-harvest   period  is  considerably  above  normal 
accompanied  by  relatively  cool  temperatures. 

The  seosmal  conditions  which   tond   to  Increase   the 
protein  content  usually  are  rot   favorable  to    the  production 
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of  high  yields  of  grain,  as  Is  •'.■own  by  /lpure  13.     *'or  the 
State  as  a  w'oole,   the  yield   of  enuring  wheat  end  protein 
cor tent   sh^t  a  significant  negatlvs  correlation,   -.937  £.031, 
daring  the  years   1983  to  1929,    inclusive.      In  othor  words, 
there   is  a  marked   tendency  for  the  protein   content   of 
Montana-grown  hard  red   spring  wheat   to  Tary  inversely  as 
the  yield.      ihile    :eaoonal  factors  such  as  rainfall  and 
temperature  may  he  responsible  for  causing   low  yields,   they 
operate  at  the   ease  time  to  increase  the   protein  content. 
Therefore,   In  seasons  when   Vtrnrrn  is  a  shortage  of  high 
protein  wheat  and  relatlTely  large   premiums  are  paid,   the 
advantage   of  an   Increased   protein  content   -ay  partially 
offset  the  disadvantage  of  a  low  acre  yield. 

Influence  Of  Method  Of  Tillage  0*   Seed-bed 
Prepurntion  On  The  Protein  Content 

IHtrogen  Is  considered  as   one   of  the   -aost   lm-ortant 
elements  of  plant  food.     The  orpanic  matter  of  the  soil 
contains  a  large  percentage  of  ritrof-en  hut  not  until  this 
organic  natter  Is   thorou:  hly  decora  ooed  does  the  nitrogen 
become  avail   ble  to  (rronlng   erooa.     This  decomposition  pro- 
cess  In  which   certain  bacteria   olay  an  essential  part   is 
termed  nitrification  and  the  compounds  which  contain  the 
aval  lable  r  itro;  en  are  called  nitrates. 
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It  has  been  known  for  many  years  that  available  nitro- 
gen play*  an  Important  art  In  the  growth  and  development 
of  plants.  Concerning  w  eat,  Swanson  (110)  states  that  the 
production  of  grain  with  a  high  protein  content  Is  noaeible 
only  If  there  la  present  in  the  soil,  an  adequate  enprly  of 
avail-  ble  nitrogen.   Investigators  working  In  the  leading 
wheat  .roduclng  sectima  of  the  United  States  have  furnished 
adequate  proof  of  the  fact  that  tillage  operations  in  the 
preparation  of  the  seed-bed  for  wheat  hare  a  narked  in- 
fluence upon  the  conservation  of  moistnre  and  the  accumu- 
la  ion  of  available  -  itrogen  and  consequently  upon  the  yield 
and  protein  content  of  the  crop.   Jewell  and  Call  (86)  re- 
port that  "the  greatest  amount  of  nitrates  in  the  soil  at 
seeding  time  (for  winter  wheat)  is  found  in  those  plots  re- 
ceiving some  kind  of  early  summer  tillage".  According  to 
these  investigators,  time  of  preparation  was  more  important 
t  an  the  method  used,  in  so  far  as  the  accumulation  of 
nitrate  ma  concerned.   Sewell  and  owanson  (87)  concluded 
from  their  work  with  winter  wheat  in  Kancas  that  "the  per 
cent  of  protein  in  wheat  la  materially  affected  by  the 
•'uantity  of  nitrates  in  the  soil",  and  further  that  "the 
tillage  treatments  which  nroduce  the  largest  quantity  of 
nitrates  in  the  soil,  not  only  produced  the  largest  yield 
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of  wheat  and   the  highest   per  cent  of  protein,   but   the  flour 
from  this  wheat  -ma  aluo  of  superior  quality  ae  measured 
by  loaf  volume  and   texture  of  tho  bread. 

Burke   (15)   reports  that   "the  purpose  of  fallowing  land 
in  Montana   la  to  conserve  moisture,   Jrnep  the   land   free  from 
weeds,   and   liberate  plant  foods,    especially  nitrogen,  which 
In  the  -najority  of  cases  le  the   limiting   factor,   so  far  aa 
plant   fo  d8  are  concerned,    in  crop  prodnctlon".     However, 
he  -aakes  it  perfectly  plain  that   "moisture  is  abaolutely 
necessary  and   la  often  the  llmltirg  factor  in  crop  ylelda", 
and  explains  also  that  moisture   conserved  by  clean   summer 

illage  not   jnly  improvea  the  physical  condition  of  the 
soil  but  accelerates  the  action  of  bacteria  and  thus  h.istene 
the  rate  at  vrhleh  nitrogen  la  made  available.     The  advantages 
0*  fallow  ove-  c  ntlnuoua  cropping  ae  related   to  moisture 
conserve  tl  >n,  amount   of  nitrate  nitrogen  and   the  yield  and 
protein  content   of  wheat  aa  determined  by  iTofessor    iurke 
over  a  period   of  seven  years  are  shown  by  Table  XV. 

The  results   of  experiments  conducted   cooperatively  by 
the  Montana  Agricultural  Experiment   Station  and   the  United 
States  Department   of  Agriculture   at   three  branch  statlms, 
namely.   Northern  Montan     Branch   Station  at  Havre,    the   Judith 
Basin  Branch   Station  at  Moccasin  and   the  Huntley  Branch 
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Station  at  Huntley    have  been  examined  to  determine   to  v/hat 
extent   they  support   the  obeervoions  of  many  Montana  wheat 
growers  that  e  -ring  wheat  grown   on  clean  fallow  rot   only 
yields  bette--  but  often  contains  a  higher  percentage  of 
protein  than   If  the  crop   Immediately  follows  wheat  or  other 
small  f-ralra. 

Methods  Of  3ocd-Bed  Preparation.   The  continuous  cropp- 
ing  experiments  with  spring  wheat   at   these  branch   stat  Ions 
provide  an  opportunity  to  study  the  Influence  of  five 
methods  of  seed-bed   prenti  -ation  upon  the   protein  content, 
including   (a)   ordinary  spring   plowing;    (b)   ordinary  fall 
plowing;    (e)   alternate  crop  and   fallow;    (d)    snbsoillng; 
and   (•)   listing.     Table  Iff]  gives  the  protein  content  for 
each   of  these  tillage  treatments  for  a   period   of  five  years, 
1925  to  1929,    inclusive  at  the  northern  Montana  Branch 
Station.      It  will  be  observed   that  wheat  produced  on  plots 
C  and  D,   alternate  crop  and  fallow,   has  the  maximum  protein 
content,  an  av  rage  of  16.75   ner  cent   f o -  the  five  years. 
This   is  a  distinct   advantage  over  any  other  method.     Wheat 
grown  an  a  seed-bed   prepared  by  plowing  and  subsoiling  ranked 
second   in  average  protein  content,  but   is  given  no  further 
consideration  due  to  the   fact  that  tlis  method   of  pre- 
paration has   oroven  impractical  under  northern  Great  Plains 
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conditions.     Between  spring  plowing,   fall  plotting  and  list- 
ing,  the  experience  of  thla   five-year  period  shows  no  sig- 
nificant differences  so  far  ao  the   average  oroteln  content 
Is  concerned.      In  comparing  fallow  with  spring   plowing, 
there  is  an  advantage  of  2.81  per  cent  protein  in  favor  of 
the  former  for   the  five-year  period,   the   difference  In  in- 
dividual seasons  ranging*  from  1.23   per  cent  In  1926  to 
4.57  per  cent   In  1926. 

It  la  not   safe;   however,   to  conclude  from  the  data 
■•iven  in   Table  XVI  that   fallow  la  always  so  effective   In 
Increasing  the   protein   content   of  wheat.      It  will  be  of 
Interest  to  examine  the  data  from  the   same  series  of  till- 
age treatments  aa  c  rdncted  at   the  Judith  Basin  Branch 
Jtution.     On  this  station,   the  an  ual  precipitation  ave- 
rages 4  to  5   Inches  higher  than  at  Havr«,  bat  soil  con- 
ditions are  somewhat  less  favorable  to  the  conservation  of 
moisture.     The  shallow  surface  soil   is  underlaid  by  a  sub- 
soil consisting  largely  of  gravel  cemented  together  with  a 
calcareous     aterial.     Table  XVII.   presents  the  protein  data 
oy  years  together  with  the   overages  for  the  five  years,    1921 
to  1929,    inclusive.      Mile  fallow  again  produced  the  high- 
est  average  protein  content,   the  advantage  over  the   other 
tillage  treatments  is  rot   eo  striking   as  at  th«  Horthern 
Montana   Branch   -it  at  ion. 
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Because  of  t  he   feet  that  sumaer  tillage  or  clean 
fallow  is  the  most   effective  method  of  storing  moirture  In 
the  eoll  In  regions  of  limited  rainfall,    it   is  recognized  as 
the  best  form  of  Insurance  against   crop  failure  due  to 
drought.     The  fact  that  fallow  oroduces  conditions  which 
normally  increase  the   protein  content   of  wheat   over  that 
grown  by  other  tillage  methods  is  an  add  it i  nal  reason  for 
the  growing  popularity  of  this    rethod   of  seed-bed  prepa- 
ration among  Montana  wheat  growers. 

Because  of  the  importance  of  fallo,    or  clean  summer 
tillage  in  this  3tate,  experiments  hare  been  conducted  to 
determine   the   beat  methods  of  fallowing,   also  the  -nost 
practical    methods  of  preparing   fallow  land   for   the  planting 
of  spring  wheat.     These  experiments  hare  afforded  an 
opportunity  to  study  the  influence  of  variations  in  these 
practices  on  the  nrotein  content. 

jfcthode  21  Fallowing.   During  a  period  of  four  yrars, 
1926  to   1929,   inclusive,   an  experiment   involving   four 
methods  of  fallowing  was  conducted  at  the  Forth ern  Montana 
Branch   Station  at  Havre.     Three   plots  were   plowed   for  fallow- 
ing,  in  the    fall,  vith  subsequent  treatment  as  follows:    (a) 
left  rough;    (b)  worked  down;    and   (c)   worked   down  and    Tacked. 
The  second  method   involvoa   four   plots   nloW«<l  for  fallowing 
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In  ttay,  with  treatment   previous  to  plowing   aa  followa:    (a) 
no  treatment  before  plowing;    (b)   stubble  double-disked   in 
both  the   fall  and   spring  before   plowing:    (c)   stubble  double- 
dleked   In  the  fall  (d)   stubble  double-disked   in  the  spring. 
The  third  method  included  four   olots   plowed  for  fallowing  in 
July,    the  treatment  before  olowlng  being  the  same  as  fer  the 
four   plots  plowed   In  Hay.     The  fourth     ethod  required  only 
one   olot  which  was  not   plowed,   the  summer   tillage  being 
accomplished  with  a  duckfoot  weeder  after  the  manner  common- 
ly spoken  of  as  "plowlesa  fallow". 

The    >rotein  data   obtained  are  presented   In  Table  XVIII. 
Thus  far,   no  outstanding   differences  in   the  average   'roteln 
content   of  spring  wheat   produced  by  the  different  methods 
of  fallowing  ar«  apparent,   the  range  between  the  maximum 
and  minimum  aTerages  being   only  0.78   per  cent.     The  July 
plowed  plots  ehow  a  tendency  to  nroduce,  wheat  with  a 
slightly  lower  average  protein  content  during   this  four- 
year  period  but   the   difference  is  too  small   to  be  signifi- 
cant.     Judging  by  the   candltl  ns  prevailing  during  the  peri- 
od of  this  experiment,   factors  other  than  the  orotein  con- 
tent must   determine   the  method  of  fallow  to  be  used   in  pro- 
due  I ng  a   crop  of  wheat* 
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Methods  Of  £r  e  paring  tfallovied  Land  Before  Seeding 

Darlnc   the   five-year   period,   1925  to  1929,    inclusive 
an  experiment  hea  keen  conducted  at   the  northern  Montana 
Branch   Station  at  Bxvre  to  determine  the   noat   practical 
method  of  preparing  sum-aer-fallowed   land  for  the   seeding 
of  spring  wheat.     Land   plowed  for  fallow  in  May  and  kept 
clean  with  the  nana!  lethoda  of  tillage  during  the  mam»r 
was  handled   in  four  different  ways  in  the   spring   prior  to 
seeding,    as  follows:    (m)   fallow  cultivated   Just  before  seed- 
ing,  the  latter  being   done  at  three  dates,  approximately 
April  16,  Stay  5  and  May  20,    (b)   no  treatment,  wheat  being 
drilled  directly  on  the   fallow,  approximately  April  16, 
(c)   cultivated   April  16  and  again  Just  before  drilling, 
approximately  May  5;   and    (d)   cultivated   on  April  16,  May 
6  and  again  Juat  before  seeding,   approximately  May  SO. 
The  protein  data  for  each  treatment  are  given  In 
Table  XIX.      .ihile  some  rather  marked  differences  in  the 
protein  oontent  are  evident,    particularly  in  the  four  and 
five-year  averages,    it  appears  that  these  variations  ara 
due   orimarlly  to  differences   in  the  time  of  seeding  rather 
than  to  the  method  of  handling   the   fallow  land   in  the  spring 
previous  to   seeding. 
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Influence  Of  Green  Manures  On  The  Protein 
Content  Of  Spring  ./heat 

tfherever  what  la  grown  extensively,  the  problem  of 
maintaining  the  supply  of  orpanic  matte^  In  the  soil  e- 
ventually  becomes  one  of  rnajor  Importance.   Jolle  nell 
supplied  with  organic  matter  are,  more  easily  tilled,  absorb 
..nd  retain  a  larger  pronortlnn  of  the  seasonal  prr  clnitatlon 
and  supply  a  larger  quantity  of  available  nitrogen  to  the 
growing  crop  than  those  from  which  the  organic  matter  has 
been  largely  depleted.   Jince  organic  matter  la  a  source  of 
nltr>gen,  and  avail  ble  nitrogen  has  a  direct  bearing  on 
both  the  yield  and  oroteln  content  of  wheat.  It  will  be  of 
value  to  know  to  what  extent  the  gronlrg  of  green-manures 
or  the  application  of  barn-yard  manure  In  the  cropping 
system  may  Influence  the  crop,  particularly  under  conditlona 
whera  moisture  la  frequently  the  limiting  factor  In  crop 
production. 

The  croo  rotation  experiments  conducted  at  the  Northern 
Montana  Branch  Station,  cooperatively  by  the  Montana  Agri- 
cultural Experiment  Station  and  the  United  States  department 
of  Agriculture  afford  an  opportunity  to  study  the  effects 
of  three  crops,  namely,  winter  rye,  peas  and  sweet  clover 
used  as  grean  manures,  in  comnaris  >n  with  ordinary  fallow. 
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on  the  nroteln  content  of  spring  -.heat.   Two  basic  crop 
sequences  are  Involved:  (a)  one  year  devoted  to  freen  -ianure 
or  ordinary  fallow,  followed  In  order  b"  one  year  each  of 
spring  wh  at,  corn  and  oats,  and  (b)  one  year  devoted  to 
green  manure  or  ordinary  fallon,  followed  In  order  by  one 
year  each  of  oats,  corn  and  spring  wh'  at.   In  the  first 
sequence,  wheat  is  the  first  crop  after  geen  manure  or 
fallow,  while  in  the  second  .wheat  is  three  years  removed 
from  the  effects  of  these  treatments. 

Ta'cle  XX  presents  the  avera>  e  protein  content  end  the 
average  yield  of  spring  wheat  for  the  five-year  period, 
1925  to  1929,  inclusive,  arranged  to  show  the  influence  on 
the  crop  plnnted  one  year  and  three  years  after  the  various 
treatments.   So  far  as  the  average  protein  content  is  con- 
cerned, there  is  a  rather  marked  uniformity  among  the  five 
treatments,  regardless  of  whether  wheat  is  the  first  or 
third  crop  to  follow.   It  will  be  noted  that  without  ex- 
ception, wheat  produced  the  first  year  after  the  different 
treatments  contained  considerably  lore  rot ein  than  that 
which  was  three  years  removed  from  tho  influence  of  freen 
manure  or  fallow.  (Jee  impure  14).  *hen  wheat  was  the  first 
crop  to  follow,  the  -laximum  percentage  of  protein,  16.72  per 
cent,  was  produced  by  notation  72,  wheat  after  manured 
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fig.  14  -  Protein  Content  Of  Spring  V/heat  One  Year  And  Three 
Years  following  Various  Green  Manures  end  Ordinary 
And  Manured  fallow  At  The  northern  Montana  Branch 
Station,  1925  to  1929,  Inclusive. 
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fallow,   while  the  mini  nam  teat,    16*98    per   cent,    came   froa 
notation  18,   wheat  foil  wing   ordinary  fallow,   a  range  of 
0.99   per  cent.     Of  the   three  green-manure   crops,  wheat  one 
y^ar  folio*  ing  swe<  t  clover  ranked  first  with  an  average 
protein  content   of    11.64   per  cent   for  the   five-year  period, 
an  advantage   of  only  0.33  per  cent   over  that    -roduced   one 
year  following  peas   tic-ed   aa  a  green-manure.      (inter  rye 
ranked   third  among  the  green-marurea,   the  wheat  following 
one   ye<ar  after  thie   treatment  averaging  16.19   ner  cent  oro- 
tein.      However,    the  results   obtained   from  the  three  green- 
manure   crope   are    •  ot   strio'ly  comnarable.      Jlnce   each  crop 
la  allowed  to  arc*  until  the  maximum  vegetative  pro;  th   is 
avail:,    le  to   olow  under  there   is   of  necesaitv,   considerable 
variation   in  the  average  datee  of   ilowing.     Daring   the 
five  years,   the  average  dates  on  which  these  three  crops 
nere  plowed  under  w*M  as   follows:      winter  rye  on  June  lo; 
sweet  clover  on  June  23.   and  oeas  on  July  13.     The  wide 
difference  in  the  dates   on  which  the  green-manure  croos 
have  been   plowed  under   introduces  a  variable  which  may  in- 
fluence the  result  l-   quite  as  much  as  the   crops  themselves. 

•ihen  both  the  avtrsg^   yield   and   the   protein  content 
are  considered,   the  data  now  aval  lb  le   Indicate  thnt    for   the 
present   at   lcaat,   moisture   is  somewhat  more  of  a   limiting 
factor   in   crop   production  than   is  plant  food.     Therefore 


1M 


under  the  conditions   of  this  experiment,   the     ractloe  of 
green  manuring  con  scarcely  be  considered   a   practical  pro- 
cedure in  the   production   of  siring  wheat. 

Influence  Of  Fallow  7s  Jlsked  Corn  Cround 
On  The  Protein  Content  Of  Spring   ..heat 

In  those   parts  of  Montana  where   corn  may  be  utilized 
to  advantage  in     he   feeding   of  livestock,   there  is  a   tend- 
ency to  reduce  the   acreage   of  sunnier  fallow  somewhat  and 
sow  a    iart  of  the  spring   nhsat   on  disked  corn  ground. Farmers 
frequently  hare  raised  the  question  as   to   the   orotein  eon- 
tent  of  wheat   raised  Immediately  following   corn  as  compared 
«lth   that  grown  after  clean   fallow. 

The  crop  rotation  experiments  at   the  northern  Montana 
Branch   Station   provide  an   opportunity  to  compare  the  protein 
content   of  spring  wheat   in  fire  different   crop   lng  systems 
In  which  v/heat   is   planted   on  disked  corn  ground  with   that   in 
five  oth<r  sequences  in  which  wheat   is   ^receded   elthir  by 
ordinary  fallow  or  green-manure   fallow.     Table  XXI  shows 
that  from  the  standpoint   of  both   nroteln  content  and  yield, 
wheat  preceded  by  a   season  of  clean   fallow  is  distinctly 
superior  to  that   nlanted    on  disked   corn   land.     A  similar 
comparison   of  cropping  systems  at   the  Judith  Basin  Branch 
Station  where  summer   tillage  is  lees  efficient   in  the 
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storage  of  moisture   In   the  soil,   reveal*  the  fact   that  wheat 
after  com  yielded  fully  ao  well  as  wheat  after  fallow  dur- 
Inp   the   same  five-year   period,  but  wheat  after  fallow  had 
the  advantage   In  protein  content  by  1.13   ner  cent. 

Under  the  conditions  which  have  prevailed  at   these  two 
branch  stations  durlnr   the  flvo  years,   1925  to  1929,   In- 
clusive,  there  Is  strong  evidence  that  summer  fallowed  land 
will  oroduce  wheat  with  a  hlghor  protein  content   than   that 
crown  on  disked  corn  ground. 


Influence  Of  The  Class  Of  ..heat 
On  The  Protein  Content 


Several  lnves  Ufa  tors.    Including  Thomas   (119,   120), 
Jhollenberger  and   Clark  (84),   Thatcher   (112),    otewart  and 
Greaves   (104),   ladd   (50,51),   Bailey  (5,7),    Jtephens  end 
Hyslop   (102)   and  Illesaelbach    (45)   have  noted   differences   In 
the  protein  content   of    heat  of  the  various  classes  when 
crown  under  comparable  conditions.     Among   the   clashes  of 
v.heat   In  which  Montana   la  interested ,    It  has  been  found  that 
the   oroteln  content   of  hard  red  an  ring  wheat   exceods  that   of 
the   hard  red  winter  class,   while  durum  wheat   contains  a 
higher   percentage  of  protein  than  either  of  the  hard  red 
wheats. 

Hard  Had   Jprln^  Ya  Hard  Red  winter  ..heat   In  ilontnna. 
Irarlng  the  three-year   period,   1927  to  1929,    lncluulve,  data 
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were   obtained  on  the  protein   contont  of  hard  red  winter 
wheat  grown  In  Montana.     The  data  for  each   season  are  arrang- 
ed by  countlee   In  i'lgures  15   to  17.      Table  iXII   compares  the 
average  protein  content   of  hard  red  winter  v.h.  at  with  that 
of  hard  red   spring  wheat   for  eaah  of  the  three  yinrs.      It 
will  be  observed  that  daring   thiB  period,   spring  wheat  has 
•veraped   1.07   per  cent  hlpher  In   protein  than  winter  wheat, 
i'or  the   Individual   seasons,   the  differences   were  as   follows: 
In  1927,   -1.24   oer  cent;    In  1928,    -0.24   per  cent;    and   In 
1929,   -1.74   ner  cent,   each   year  the  difference   favoring 
hard  red   spring  whent.      In  j-eneral,   these  findings  agree 
with    the  data  reported  by  the  Investigators  cited  above. 

Durum    .heat  vs  Ht;rd  3ed  -prlnr   wheat   In  Montana.    In- 
vestigators In  the  United   States  Department  of  Agriculture 
(119,   120,   84)   also  in  Horth  Dakota   (48,   49.   52,   65)   report 
data  showing   that  durum  wheat  contains  a  hipher   percentage 
of  protein  than  hard  red  spring  wheat. 

Morgan  and   Bell  (71)   report   the  protein  content   of 
several  varieties  of  spring  wheat  grown  at  the  northern 
Montana  Branch   otntlon  during   a   p.rlod   of  seven  years,    1917 
to  1924   (1923  omitted).      During   this  seven-year   oeriod. 
Marquis,  a  tyolcul  variety  of  hard  red   spring  wheat  has 
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Table  XXII:  Average  Protein  Content  of  Hard  Hed  ..Inter 
itfheat  and  H«rd  Had  Sorlnp  ..heat  In  Montana.  1927 
to  192S,   Inclusive. 


Hrird  Acd   Jprlng   .<heat  Hard   ried   ..Int. or   .*hc1P? 

Y-or         Analyses     ATe»   ^rot.Oont.       Analyses  Ave,   x'rot. Jont'« 

1927  15826  12.  1176  10.97* 

1928  31071  IS.3»jC  -640  12.15  J 

1929  11337  15^  N    .:  13.48-.S 

Are.*  3  yrs.  1   .  Are.*  3  yrs.        12.20;* 


*  Arithmetical  average 

aTeraged  16.67   oor  cent  protein,   while  Kubanke  and  Pelies 
(durum  varieties)  averuped  17.10  and  17.50  per  cent  re- 
spectively daring  the  same  years^ 

-hile  It   Is  apparent    that   durum  wheats  contain  a  high- 
er  nereentage  of  iroteln  than  doea  hard  red  siring  wheat, 
the   former  are  nt  necessarily  suoerior  owing  to  the  poor 
quality  of  the  gluten   for  bread  making   purposes. 

Influence  Of  Variety  On  The  Protein  Content 
Of  oprtng  Wheat 

In  proposing  a  new  variety  of  wheat   to  crow   in  any 
locality,   the   yield   of  grain  is   only  one  of  several  Im- 
portant  factors  that  are    taken    into  consideration.     Eot 
only  nuet  a  vari   ty  be  sufficiently  well  adapted   to  local 
environmental  conditions   to   oroduce    "axlmura  yields  of  prelB 
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but   this     mi       m:  t  be  of  o  quality  which  will  return  a 
superior   product   In   the  hands  of  the  miller  and  the  baker. 
Important  amonp   the  qualities  in  vrhleh  theae  industries 
are   inter. sted  when  a  new  Tarlety  of  ;.'h  at   is   put   on  the 
market   is  the   percentage  of  protein. 

The  apring  wheat  Tarlety   tests  or  ducted  by  the 
Agronomy  department  of  the  Uontana  Agricultural  Sxperiment 
Station  furnish  information,  relative   to  the  extent   to 
which  varieties  of  spring  wheat  differ  in  rega -d  to  their 
protein  content.      In  order  to  save  space,   only  a  few  of  the 
high  yielding  vari   ties,   some  of  which  have  attracted  the 
attention  of  the   nublic  will  be  considered.     Marquis  la 
chosen  as  a  standard    .1th  which  the  other  varieties  are 
compared  because  It   Is  the  most  com  on  variety  of  hard  red 
spring     heat   in  the   3tato. 

Table  XXIII  shows  Marquis  compared  with  three  varieties 
namely,   Federation,    Supreme  and   Kitchener  ns  to  yield   and 
oroteln  content,  when  grown  in  triplicate  one-fortieth  acre 
plots  during  a  period  of  seven  years,   1923   to   1929,    in- 
clusive.     On  the  basis   of  yield  alone,   there   is  ample 
Justification  for   the   interest   shown  07  farm.rs  In  such 
varieties  as  federation  and   Jupreme.     However,  when  the 
quality  of  the  prain,  as   Indicated  by  the   percentage  of 
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protein  Is  considered,  both  of   these  rarleties  are  at  a 
serious   disadvantage  when  compared  with  Uarqnls. 

Considering  the   prominence  of  protein  as  a  factor  in 
the  marketing   of  hard  red  wheats,  and   the  variation  in  the 
protein  content   of  different  varieties  when  grown  under 
comparable  c>ndltl,n£,  the  following   suggestions  seem  per- 
tinent:   (a)   protein  content  of  the  parent   material  and 
progeny  should  be  given  considerable  attention  in  any  pro- 
rata of  wheat  breeding  designed   to   oroduce  better  varieties 
for  this   otate;    (b)    in  areas  adapted   to  the     roductlon  of 
hard  rod  siring  nhoat  of     Igh  quality  and  In  which   pro- 
duction Is  largely  confined  to   one  variety  such  as  Marquis, 
the  Agricultural  Sxperlment   station  is   Justified  in  with- 
holding from  distribution  any  variety  which  does  not  at 
least  equal  the   standard  variety  In  protein  content.      The 
experience  viith   Supreme  In  cooperative  testa  in  Montana 
during  the  past   few  years  has  shown  rather  definitely  that 
the  average  wheat  grower  Is  not  at  all   interested   in  using 
a  variety  which     as  a  lower  average  orotein  content   than 
ilorqals,    in  spite   of  the   fact  thet   oupreme  has  outylelded 
Uarqnls  by  a   significant  margin. 

SUMMARY 

The  protein  content  of  the  common  bread  wheats  Is 
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generally  regarded  aa  a  reasonably  reliable  basis  from  which 
to  estimate  their  milling  end  baking  value. 

The  protein  content   of  wheat  varies  considerably,  being 
influenced  by  rany  factors,   important  among  which  are  (a) 
environment;    (b)   season,    (c)    tillage  methods;    (d)   sequence 
of  crops;    (e)   manuring   practices:    (f)    class  of  wheat;   and 
(g)  variety. 

Eighty-two  and   one-half  per  cent  of  the   car-load  ship- 
ments of  Uontana-grown  hard  rod  spring  wheat  tested  at 
Minneapolis  during  the  months  of  heavy  market  receipts,    con- 
tained 12.00     er  cent   or  more  of  protein,   during  a  period 
of  seven  years,   1923  to  1929,    inclusive.     The  percentages 
of  cars   testing   12.00  per  cent   protein  or  more,  varied   from 
64.8  per  cent   in  1927  to  96.3   oer   cent   in  1925. 

Montana  wheat  growers  are  Interested   In  high  protein 
wheat  primarily  beceuee  the  State  is  located  within  an  area 
which   la   favorable    to    the  production  of  high  quality  mill- 
ing wheat,  and  also  because   the   premium  which  mill  buyers 
pay  for  this  extra    (uality  partially  offsets  the   frei   ht 
handicap  to  which  Montana   is  subject   in  competing   cith 
States  nearer  the  terminal  markets. 

The  size  of  the  premium  paid  for  extra  orotein  content 
is  subject  to  extreme  variation,  being  influence  to  a  large 
extent  by  the  amount   of  high   protein  wheat  available.  When 
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the**   la  a  scarcity  of  high   protein  ..beat   In   the  United 
States,    premiums  are   likely  to  be  higher  than  In   seasons 
when  a  large  volume  of  rnch  wheat,   1»  being  marketed. 

The  cause  of  the  variation  In  the   orotoin  content   of 
wheat    has    been   the  subject   of  extensive   investigations     or 
over  fifty  years. 

Difference  of  opinion  In   regard   to  the   extent   to  which 
the  protein  content  of  wheat   Is  influenced  by  various  fact- 
ors may  be  explained  by  the  wlda  range  of  condltl  ns  under 
vhich  the  research  work  on  this     roblem  has  been  done  and  by 
the  fact  that  several  of  the   lta.  orturt   factors  which   in- 
fluerce  the  protein  content   of  wheat   are  lnter-acting, hence 
conclusions  cannot  be  drawn  conccnlng  one  factor  vrlthout 
at   the  same   time  considering   the  influence  of  other  re- 
lated  factors. 

The  average   protein  content  of  Harqnls  spring  wheat 
grown  In  ten  different   States  from   seed  supplied  each  year 
from  Bozeman,  varied  from  10.72  per  cent   to  15.79   per  cent, 
during   a  three-year  period,   1923  to  1925,   inclueive,  a  range 
of  5.07  per  cent  due  to  the  influence  of  environment. 

The  greatest  range  between  States  during   this  three- 
year  period,    occurred   in  1924,  when  wheat   produced  at  iloro, 
Orefon,   averaged  18.12  per  cent    nroteln,  while  that  grown 
at   Pullaan,   Washington  contained   only  10.07  per  cent,   a 
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range  of  8.05  per  cent  due  to  the   Influence  of  environmental 
factors  on  tho   cop  at  a  ainple  Reason. 

The  average  protein   content   of  hard  red  coring  nheat 
grown  in  thirty-eight  c  unties  of  Montana  during   a  five-jear 
period,    1925  to  1929,   Inclusive,  varied   from  a  minimum  of 
12.25  per   cent   ia  tflnthend  County  to  a  maxima*  of  15.09  per 
cent   in  Musselshell  County,  8  range   of  2.84  per  cent  doe  to 
the  influence  of  environment   or  location  v/lthin  the   State. 

The  greatest  range   between   count)  es  dnrinf   this  five- 
year   Tariod,   occurred  in  1926,  nhon  the  wheat   in  Musoelabell 
County  averaged   16.79   per  cont  protein,  while  that   from 
Broadwater  County  avernged  12.17  per  cent,  a  range  of  4.62 
per  cent  due   to  the  influence   of  environmental  factors  on 
the  soring  wheat  of  Montana  in  a  single  season. 

Wheat  grown  in  adjoining  fields   on  any  one   farm  may 
differ  widely  in  protein  content   in  any  elngle  season,   due  to 
differences  in  tillage  and  methodB  of  crop"ing.      At  the 
Northern  Montana   Branch   Station,   the  average  difference  be- 
tween the  protein  content  of  spring  wheat  produced   on  fellow 
and   that  prov/n  on  adjoining  land  spring   plowed  and  continuous- 
ly cropped  was  2.81  per  cent  during   the    'lve  years,   1925   to 
1929,   inclusive.     The  greatest   spread  between  these    two 
treatments   in  any  one  season  was  4.57  per  cent   in  1925. 
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High  or  low  protein  areas   cannot    be  outlined   or  de- 
signated except   in  a  rather  perioral   ./oy  because  of  the  wide 
fluctuations  due   to  the   influence  of  season. 

Mont  ana  -grown  hard  red  spring  rheet  has  averaged   l.%53 
per  cent   n-otein  during  the  sever  y  ars,    1983  to  1929,   ln- 
clusiTe. 

The  annual  average   "rotein  content   of  hard  red  spring 
wheat   In  Montana  has  varied   from  12.81  per  cent   in  1927  to 
15.22  r,er  cent   In   1929,   a  range   of  3.01   ptm  cent  due  to  the 
Influence  of  seasonal  c  atltt  ns. 

There  Is  a  distinct   tendency  for    the  nrotein  content 
of  hard  red  s firing  wh.  at    in  Montana  to  vary  Inversely  as 
the   total  or  combined   rainfall  -urine   July  and   Aupnst;    In- 
dicated by  a  eorreletlon  coefficient    of  -.949  £.026   . 

There  are  significant  negative  correlati  ns  also  be- 
tween the  average  protein  content  of  Montana-grown  hard  red 
e-ring  wheat    and   (a)   the  total   rainfall,   April  to   lUguet, 
inclusive,    (b)    the  rainfall  during   July  and   (e)   the  rainfall 
during  August. 

Correlations  between  protein  content  and   rainfall  which 
may  apply  to   the   Jtate   as  a  whole  are  not  necessarily 
applicable  to  a  more  restricted  area,  as  for  e::am ^le,   a 
single  county. 
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In  each   of  four  separate  counties  studied,   there   la  a 
significant  negative  correlation  between  the   average   oroteln 
content   of  the   soring  wheat   and   the    total  rainfall,    .prll 
to  August,   inclusive,   and  with    the  exception  of  i'allon 
County,   the  same   Is  true  fo-   the  combined  rainfall  of  July 
and  August. 

There  has   been  a  significant  negative  correlation  be- 
tween  the   average  protein  content  of  spring  wheat  grown 
both  on  fallow  and   on  spring   plowed  cj-tlnucusly  cropped 
land  and    (a)   the  July  rainfall;   and   (b)   the  combined  rain- 
fall for  July  and   Aurust.ai'1;  the  Northern  Montana   Branch 
Station  during   the  five  ^ars,    1925  to  1929,   Inclusive. 

Considering   the  State  as  a  whole,    the  coefficient   of 
correlation  between  the   average   nrotein  content  of  hard  red 
spring  wheat  and    the  -ncan  temperature  for  August  was  *.940 
£.029,  while  that  for  July  was  t.512  £.188  during   the   eeven 
year*.   1923  to  1929,   inclusive.      3lnee  much  of  the  spring 
wheat   In  Montana   Is  harvested  by  Aug'  st  15  to  20,    such  a 
cor -elation  suggests  that  the  importance  of  temperature  as 
a  factor   In  influencing  tho  protein  content   of  th^t  crop  le 
wwsflned  largely  to  a  comparatively  short   period   preceding 
harvest. 

Moisture  and   temperature  are  Inter  -re  lc  ted    factors  as 
far  aa  their  influence  on  the   protein  content   of   anrlng 
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wheat   la   concerned.      Sceejna  in  which  the  moisture  supply 
is  abore  norraal  are  ueually  cooler   then  average  and   produce 
wheat  with   a  lower  then  averuce   ^rotein  content.     Conversely, 
years  in  which   tho  ratnfal]    ie  below  normal  are  nanally 
wanner  than  the  averago  end  reenlt   in  a  crop  of  spring  wheat 
which  contsine     ore  than  the   arerage   percentage  of     rote  in. 

The   only  exception  to   the  general  observations  stated 
chore,   anring   the  eeren  yecrB,   192"  to  1929,    inclusive, 
occurred   in  1924.     L  deficiency  of  rainfall  from     pril  to 
August,   in^lneire,  was  accompanied  by  temperatures  lower 
then  normal,   nroduelrg  a   dry, cool, growing   season,      iiinee  the 
spring  wheat   of  1924  average*  aliphtly  above  normal  In  pro- 
tein contort,    it  v;nold  appear  that  moisture  hea  more  In- 
fluence than  temperature  lr.  causing  variations  In  tho  protein 
cor  tent. 

Of  the  two  seasonal  factors,  ratefall  is  more   closely 
correlated  with  the    -roteln  content   of  a  crop  of  wheat  than 
Is  temperature,  hat   eithsr  is   capable  of  causing  marked 
rarlatlona,   the  extent   of  v.hlch  will  depend   In  a  large 
meascre   upon  the   stage  of  growth  at  v.hlch  the  crop   1c  affect- 
ed. 

Tho  seasonal  conditions  which  tend   to  Increase  the  pro- 
tent  content   of   a  r  lng  wh<at  usually  are  not   farorable  to 
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the     -O'lnc'ion  of  h'ph  yields,      for  '.he  State  as  a  whole, 
■Vim  *■*      '-rlod  1923  to  1929,    Inclusive,  the  coefficient 
of  correlation  between  the  orotaln   content   of  soring  viheat 
and    the  yield  Is  -.937  £.031,   or   In  other  words,   t.hire  la 
a  strong   tendency  for  the    -rototn  content  of  spring  wheat 
to  vnry  inversely  as  the  yield. 

nitrogen  le  one  of  the  Important  constituents   of  pro- 
tein.     It    Is  a  generally  accented  fact  that  all  of  the 
nitrogen  used  hy  the  wheat   plant  Is  obtained   from  the  soil 
and  that  the  plant  can  absorb  only  rltro-on  whleh  is  soluble 
or  readily  available. 

Available  nitrogen  Is  h    iroduct   of  the  decay  of  organic 
■natter  In  the   soil  thro  *-h  bacterial  action. 

Bacterial  action  resulting  in  the  decay  of  organic 
matter  and   the  liberation  of  olantfood   In  the  soil  le 
accelerated  hy  thoroo.;>h   Milage  methods  and   aeed-bod  ore- 
para  tl  on. 

Spring  wheat   on  fnllow  has  contained  e  higher  average 
percentage  of  oroteln  than  that     roducad  by  any  other  method 
of  tillage    !t  hoth  the  Hcrthern  Montana  nnd  Jndlth  Basin 
Branch    Stations,   <Hirln<?  the  fire   rrmrs.    1925   to  1929, In- 
clusive. 

At  the  northern  Montana  Branch  Station,   soring  wheat  on 
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fallow  haa  averaged   from  1.23  to  4.57  per  cent   higher  In 
p   otein  content   than  that  frown   on   I   ring  plowed   continuous- 
ly cropped  land,    during  the  five  years,    1925  to  1929,    In- 
clusive. 

There  is   evidence   that  the  effectiveness  of  fallow 
in  increasing   the  protein  content   of  a  crop  of  soring  wheat 
depends  to  a  eertaln  extent  noon  the  efficiency  of   Sallow 
in  conserving  the  seasonal  precipltatl    n. 

factors  other  than  the    irotein  content   mast  determine 
the  uethod   of  fallow  to  be  used    in  preparation  for  spring 
wheat.    Judging  from  r  suits   obtained  at   the  Northern  Montana 
Branch  otatlon  daring  the  four  yeera,   1926  to  1929,   In- 
clusive. 

In  four-year  crop  sequences,   spring  wheat  produced   the 
first  year   after  green  manuring  with  winter  rye,    sweet 
clover  or  peas,   or  the  flrat  year  after  ordinary  or  Tenured 
fallow   contains  o  considerably  hlpher  percentage  of  oroteln 
than  when  the  wheat   crop  la  three  rears  rennved  from  these 
treatments. 

Green  manuring  does  not  ap   car  to  have  a  distinct  ad- 
vantage over  ordinary  fallow  as  a  means  of  increasing   the 
protein  content   of  spring  wheat,   based   on  the  results  of 
five  years  s  rk  at  the  northern  Montana  Branch   Station. 


Clean  fallow  is  mmm  effective  than  disked  corn  ground 
in  increasing  the  protein  content   of  spring  wheat, 

Montana-grown  hard  red  spring  wheat  has  averaged  13,27 
per  cent   protein  during  the  three  years,    1927  to  1929,    in- 
clusive, while  hard  red  winter  wheat   from  this  State  has 
averaged   12.20  oer  cent   protein  during  tho  same  period. 

Adapted  varieties  of  durum  wheat  normally  contain  a 
slifhtly  higher  percentage  of  nrotein  than  Marq  lis  spring 
wheat. 

Varieties  of  spring  wheat  may  differ  materially  in 
protein  content,  hence    thia  factor   should  be  riven  important 
consideration  in  wheat  breeding  programs. 
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